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CONVERSATION I. 



INTRODUCTION. 



OfLight-^The Smallness of its Par^ 

ticks — Their Velocity — They move 

only in straight Lines. 

.♦ 

Charles. When we are on the 
sea, you told us that you wduld ex- 
plain the reason why the oar, which 
was straight when it lay in the boat^ 
appeared crooked as soon ^s it was 
put into the water. 

Tutor. I did : but it requires some 
previous knowledge before you can 
comprehend the subject. \\. ^^\i^^ 

VOL. Y. B 



2 OPTICS. 

afford you but little satisfaction to be 
told that this deception was caused 
by the cjifferenl degrees of refrac- 
tion which take place in water and in 
air. 

James. We do not know what you 
mean by the word refktction. 

Tutor. It will therefore be right 
to proceed with caution ; refraction 
is a term frequently used in the 
science of optics, and thb science 
depends wholly on light. 

JamS^* What is light ? 

Tutor. It would, perhaps, be dif- 
ficult to give a direct answer to your 
question, because we kpow nothing 
of the nature of light, but by the 
effects which it produces. In rea- 
soning, however, on this subject, it 
is generally admitted th^t light con- 
fists of inconceivably sm^U particles ; 
irJUch are pr<yected» or thrown qff 
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fl*om a luminous body With gitat t^ 
lodty» in all directions. 

Chafles. But how is it known 
that light is composed of smali paro- 
tides ? 

Tutor. There is no proof indeed 
that light is material, or composed of 
particles of matter^ and therefore I 
said it was generally^ not universally^ 
admitted to be so t but if it is allowed 
that light is matter^ then the par4 
tides must be small beyond all com^* 
putation, ot in falling On the eye 
they would iti&lUUy blind us. 

James. Does not the light boma 
from the sun, in sotne such manner 
as it does from a candle ? 

Tutor. This comparison Will an« 
swei* our purpose : but there appears 
to be a great differende between th« 
two bodies: a catidlei whether of 
wax or tallow^ is scxm ^iSottl^tX^ 
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but .philosophers have never been 
able to observe that the body of the 
min is diminished bj the light which 
it incessantly pours forth. 

James. You say incessantly ; but 
we see only during the hours of the day. 

Charles. That is because the part 
of the earth which we inhabit is 
turned away from the sun during 
the night: but our midnight is 
mid-day to some other parts of the 
earth. 

Tutor. Right : besides, you know 
the sun is not intended merely for 
the benefit of this globe, but it is the 
source of light and heat to six other 
planets, and eighteen moons belong* 
ing to them. 

. Charles. And you have not reck- 
oned the four newly discovered little 
p]anets, which Dr. Herschel deno- 
minates Asteroids, but which are 
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known by the Haines ot Cetes F^fdi* 
n^ndea, PaUas, Juno, and Vestd. 

Tutor. WeU, then, to these the 
sun is the perpetual source tf lights 
heat, and motion ; and to mdte dish 
tant worlds it is a fixed star, and wifl 
appear to some as large as Arctiiruf^ 
to others no larger than fi star of the 
sixth magnitude, and to others it 
must be invisible, unless the inhalbith 
ants have the assistance of glasses, 
or are endowed with better eyes thab 
ourselves. 

James* Pray, Sir, how swift dd 
you reckon that the particles. of light 
move? 

Tutor. This you will easily cd- 
culate when you know thut they are 
only about eight minutes in coming 
from the sun to us. 

Charles. And if you reckon the 
sun to be at the distant^ c(l x^'^Y 

«3 



6 OPTICS. 

five millions of miles from the earth, 
light proceeds at the rate, nearly, of 
twelve millions of miles in a minute, 
or S€0,000 miles in a second of time. 
But how do you know that it travels 
so fast? 

Tutor. It was discovered by M. 
Roemer, who observed that the 
eclipses of Jupiter's satellites took 
place about sixteen minutes later, if 
the earth were in that part of its 
orbit which is farthest from Jupiter 
than if it were in the opposite point 
.of the heavens. 

Charles. I understand this: the 
earth may sometimes be in a line be- 
. tween the sun and Jupiter ; and at 
.other times the sun is between the 
. earth and Jupiter ; and therefore, in 
the latter case, the distance of Ju- 
•j^iter from the earth is greater 
. ^n in the former, by the whole 
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length of the diameter of the earth's 
orbit. 

Tutor. In this situation the eclipse 
of any of the satellites is by calcu- 
lation sixteen minutes later than it 
would be if the earth were between 
Jupiter and the sun; that is, the 
light flowing from Jupiter's satellites 
is about sixteen minutes in travelling 
the width of the earth's orbit^ or 190 
millions of miles. 

James. It would be curious to cal- 
culate how much faster light travels 
than a common ball. 

Tutor. Suppose a canno;i ball to 
travel at the rate of twelve miles a 
minute : light is calculated to move a 
million of times faster than that ; yet 
Dr. Akenside conjectures that there 
may be stars so distant from us that 
the light proceeding from them has 
not yet reached the earth :— 
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^•WlM^se imfeding light 



Has travelled the profound six thousand yearsi 
Nor yet arrived in sight of mortal things. 

Charles. Was it to this author 
that Dr. Young alludes in these 
lines :— 

How distant some of the nocturnal suns ! 
So distant^ says the sage, 'twere not ahsurd 
To doubt if beams set out at Nature's birth, 
Are yet arrived at this so foreign world ; 
Though nothing half so rapid as their flight. 

Tutor. He probably referred to 
Huygens, an eminent astronomer, 
who thretir out the idea before Aken- 
side was bom. 

James. And you say the particles 
of light move in all directions. 

Tutor. Here is a sheet of thick 
brown paper, and I make only a 
small {mi-hole in It, and then, through 
that hole, I can see the same objects. 
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such as the sky^ trees^ hoii3es, &c. 
as I could if the paper were not there. 

Charles. Do we only see objects 
by means of the rays of light which 
flow from them ? 

Tutor. In no other way: and 
therefore the light that comes from 
the landscape, which I view by look- 
ing through the small hole in the 
paper, must come in all directions at 
the same time. Take another in- 
stance : if a candle be. placed on an 
eminence in a dark night, it may. be 
seen all round for the space of half a 
mile: in other words, there i^ no 
place within a sphere of a mile dia- 
meter, where the candle cannot be 
seen, that is, where some of the 
rays from the small flame will not be 
found. 

James. Why do^ou limit the dis- 
tance to half a mile ? 



10 OPT!CS« 

Tutor. The distance, of cou)*de^ 
will be greater or less, accordidg tn 
the si2e of the candle : but the de- 
gree of light, like heat, diminishi^s 
in proportion as you go farther from 
the luminoud body. 

Charles. Does it follow the satne 
law as gravity ? * 

Tutor. It does: the intensity or 
degree of light decreases as the square 
of the distanee from the luminous 
body increases. 

Jamesi. Do you mean that, at thd 
distance of two yards from a candle, 
we shaU have fouif titnes less light, 
than we should have, if we were only 
one yard from it ? 

Tutors. I do : and at three yards' 
distance nine time less light; and 
at four yards' distance you will hare 
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fsixtees times less light thiin you 
would were you within a yiprd of the 
object^^I have one xnov^ thing to 
^U you; light ^ways moves in 
fitraigh^ lines. 

Jame^- How is that known ? 

Tutor. Look through a straight 
tube at any object, and the rays of 
light will flow readily from it to the 
eye, but let the tube be bent, and 
the object cannot be seen through it, 
which proves that light will move 
only in a straight line. 

This is plain also from the shadows 
which opaque bodies cast ; for if the 
light did not describe straight lines, 
there would be no shadow. Hold 
any object in the light of the sun, or 
a candle, as a square board or book, 
and the shadow caused by it proves 
that light moves |||^ly in right or 
straight lines : for the s^ac^ Sxoxsv^* 



12 opncfl. 

diately behind the board or book is 
in shade. 
\ Charles. Is it not dark there ? 

Tutor. No, not absolutely dark : 
it is enlightened in some degree by 
rays reflected from the illuminated 
space. 
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CONVERSATION 11. .C' --I^Lj ' - 

^-'^-^ 

Of Rays of Light-^-Of Refection 
and Refraction. 

Charlsis. You talked, the last 
time we met, of the rays of light flow- 
ing or moving, what do you mean by 
a ray of light ? 

Tutor. Light, jou know, is sup- 
posed to be made up of indefinitely 
small particles ; no w one or more of 
these particles, in motion from any 
body, is called a jay of light. — ^If the 
supposition be trute, that light consists 
of particles flowing from a luminous 
body, as the sun, and that these par- 
ticles are about eiighfiftiinutes in com- 
ing from the sun ilo UB ; lYv^xi^ M >^^ 
VOL. t; c 
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san were blotted from the heavens, 
we should actually have the same 
appearance for eight minuter after the 
destruction of that body as we now 
have. 

Jame^ I do not understand how 
we could see a thing that would not 
exist. 

Tvior. Th^ sun is perpetually 
throwiQg off particles of light, which 
travel at the rate of twelve millions of 
miles in a minute, and it is by these 
that the image of the body is impress- 
ed on our eye. The sun being blot- 
ted from the firoimment would not 
affect the course of the particles that 
had the instant before been thrown 
from his body ; they would travel on 
as if nothing had happened, and^ till 
the last particles had reached the ey^ 
we should thiq|K we saw the sun as 
much at^ we da now.' 
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Charles. Do we not actu^jr see 

the body itself? 

Tutor. The sense of sight may, 
perhaps^ not be unaptly compared to 
that of smell : a grain of musk Will 
throw off its odoriferouii particles all 
round, to a considerable distance; 
now, if you or I happen to be near it, 
the particles, which fall upon certain 
nerves in the ndse^ Will ejceite in us 
those sensations by which We say we 
have the smell of musk. In the name 
way particles of light are flowing in 
every direction from the grain of 
musk, some of Which fall on the eye, 
and these excite different sensations, 
from which we say we see a piece of 
niusk^ 

Charles. But the musk, will, in 
time, be completely dissipated, by the 
act of throwing off fiie fine particles ; 
whereas! a chair t^ table iD»f Voix^^m 
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off its rays so as to be visible, without 
diminishing its size. 

Tutor. True : because whatever is 
distinguished by the sense of smell, 
is known only by the particles of the 
odoriferous body itself flowing from 
it : whereas a body distmguished by 
the sense of sight is known also by 
the rays of light, which first fallen the 
body, and are then reflected from it. 

James. What do you mean by 
being reflected ? 

Tutor. If I throw this marble 
smartly against the wainscot, will it 
remain where it was thrown ? 

James. No: it will rebound or 
come back again. 

Tutor. What you call rebounding, 
writers on optics denominate reflec^ 
tion. When a body of any kind, 
whether it be»a marble with which 
you play, or a particle of lights strikes 
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against a surfkce^ tod is sent bftck 
again, it is said to be reflected If 
you shoot a marble straight against a 
board, ol* other obstacle, it comes hack 
in the same h*ne, or nearly so; but 
suppose you throw it sideways, does 
it return to the hand ? 

Charles. Let me see : I will shoot 
this marble against the middle of one 
side of the room from the corner of 
the opposite side. 

James. You perceive that, instead 
of coming back to your hand, it goes 
off to the other corner directly opposite 
to the place from which you sent it. 

Tutor. This will lead us to the ex- 
planation of one of the principal defi- 
nitions in optics, viz. that the angle 
of reflection is always equal to the 
angle of incidence. You know what 
an angle is ? * 

• Sf e Vol. I. ConyersatiQU \, 

C9 
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Charles. We do : but not what an 
fudgle of incidence is. 

Tutor. I said a ray of light was a 
particle of light in motion : now there 
a]^ incident rays, and reflected v^lj^. 

The incident rays are those which 
fall on the surface ; and the reflected 
rays are those which are sent off from 
it. 

■ ^ Charles. Does the line made or 
supposed to be made by the marble 
in going to the wainscot represent 
the incident ray, and in going from 
it does it represent the reflected ray ? 

Tutor. It does : and the wainscot 
may be called the reflecting surface. 

James. Then what are the angles 
of incidence and reflection ? 

Tutor. Suppose you draw the lines 
on which the marble travelled, both 
to the wainscot, and from it again. 

Charles. I will do it with a piece o 
chalk, as nearly as 1 caiv. 
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Tutor. Now draw a perpendicular* 
from the point where the marble struck 
the surface, that is, where your two 
lines meet. 

Charles. I see there are two angles, 
and they seem to be equal. 

Tutor, We cannot expect mathe- 
matical precision in such trials as 
these ; .but if the experiment were 
accurately made, with a perfectly 
elastic substance, the two angles 
would be perfectly equal : the angle 
contained between the incident ray 
and the perpendicular is called the 
angle of incidence; and that con- 
tained between the perpendicular and 
reflected ray is called the angle of re- 
flection. 

* If the point be exactly in the middle of one 
side of the room, a perpendicular is readily drawn 
by finding the middle of the opposite side, and join- 
ing the two points. 



do oMics. 

James. Are these, in all eases, 
equal, shoot the marble as you will ? 

Tutor. They are : and the truth 
holds equally with the rays of light : 
«-*both of you stand in front of the 
looking-glass. You see yourselves, 
and one another also; for the rays 
of light flow from you to the glass, 
and are reflected back again in the 
same lines. Now both of you stand 
on one side of the room. What do 
you see ? 

Charles. Not ourselves, but the 
furniture on the opposite side. 

Tutor. The reason of this is, that 
the rays of light, flowing from you 
to the glass, are reflected to the other 
side of the room. 

Charles. Then if I go to that part, 
I shall see the rays of light flowing 
from my brother ;«^aQd { do see him 

ip the glass* 
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James. And I see Charles. 

Tutor. Now the rays of light flow 
from each of you to the glass^ and are 
reflected to one another : but neither 
of you sees himself. 

Charles. No : I will move in front 
of the glass ; now I see myself, but 
not my brother ; but I think I under- 
stand the subject very well. 

Tutor. Then explain it to me by a 
jfigure, which you may draw on the 
slate. 

Charles. Let ab represent the 
looking-glass : If I 
stand at c, the rays 
flow from me to the 
glass^ and are reflected 

back in the same line^ because now 
there is no angle of incidence, and of 
course no angle of reflection ; but if 
I stand at a;*, then the rays flow from 
me to the glass, but they makj^ \Xv^ 
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angle a:* o c, and therefore they must 
be reflected in the line o y^ so as to 
make the angle y oc^ which is the 
angle of reflection, equal to the angle 
a:* o c. And if James stands at y^ he 
will see me at s^ and I standing at x 
fihal^see him at y. 

Tutor. The same thing occurs with 
respect to every plane reflecting sur- 
face, as well as in a looking-glass ; as 
in clear water, or in highly polished 
steely mahogany, &c. 
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CONVERSATION HI. 



Of the Refraction of Light. 

Charles. If glass atop the rays 
of light, and reflect them^ why can- 
not I see myself in the window ? 

Tutor, It is the silvering on the 
glass which causes the reflection, 
otherwise the rays would pass through 
it without being stopped, and if they 
were not stopped, they could not be 
reflected. No glass, however, is so 
transparent^ but it reflects some rays : 
put your hand to within three or four 
inches of the window, and you see 
clearly the image of it 
I Jame^. So I do, and the n^as^t \}ck& 
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hand is to the glass, the more evi- 
dent is the image, but it is formed on 
the other side of the glass, and beyond 
it too. 

Tutor. It is ; this happens also in 
looking-glasses : you do not see your- 
self on the surface, but apparently as 
far behind the glass as you stand from 
it in the front. 

Whatever suflTers the rays of light 
to pass through it, is called a medium. 
Glass which is transparent is a me- 
dium ; so also is air, water, and in- 
deed all fluids that are transparent 
are called media^ and the more trans- 
parent the body, the more perfect is 
the medium. 

Charles. Do the rays of light pass 
through these in a straight line ? 

Tutor. They do : but not in pre- 
cisely the same direction in which' 
they were moving before they entered 
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it They are bent out of their former 
course^ and this is called refraction. 

James. . Can you explain this term 
more clearly ? 

Tutor. Suppose a B to be a piece 
of glass, two ^ 

or three inches . ^s^^ 
thick; and a ^^ 

ray of light, s i 
a, to fall upon 
it at, a, it will 
not pass through in the direction s s, 
but when it comes to a^ it will be 
bent towards the perpendicular a b, 
and go through the glass in the course 
a Xy and when it comes into the air, 
it will pass on in the direction x z, 
which is parallel to s s* 

Charles. Does this happen if the 
ray fall perpendicularly on the glass 
at P fl ? 
. Tutor. In that case . there. .\& .x^a 

VOL. V. D 
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refraction, but the ray proceeds in its 
passage through the glass, precisely 
in the same direction as it did before 
it entered it, namely, in the direc- 
tion P b. 

James. Refraction, then, takes place 
only when the rays fall obliqudy or 
slantways on the medium ? 

7|i<ar« Jiirt so r rays of light may 
pass out of a rarer into a denser me- 
dium, as from air into water or glass : 
or they may pass from a denser medium 
into a rarer, as from water into air. 

Charies. Are the effects the same 
in both cases ? 

Tutor. They are not ; and I wish 
you to remember the difference. When 
light passes out of a rarer into a 
denser medium, it is drawn to the per« 
pendicular : thus,if sa pass from air into 
glass, it moves, in its passage through 
it> in the line a or, which is nearer to 
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the perpendicular? b than the line a n, 
which was its first direction. 

But when a ray passes from a den-^ 
ser medium into a rarer, it moves in 
a direction farther from the perpen- 
dicular; thus if the ray i*a pass 
through glass or water into air, it 
will not, when it comes to a, move in 
the direction a m, but in the line a s, 
which is farther than am from the 
perpendicular a V. 

James. Can you show us any ex- 
periment in proof of this ? 

Tutor. Yes, I can ; here is a com- 
mon earthen pan, on the bottom of 
which I will lay a shilling, and will 
fasten it with a piece of soft wax, so 
that it shall not move from its place, 
whfle I pour in some water. Stand 
back, till you just lose sight of the 
shilling. 

James. The side of tb^ igittsi idl^s« 
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completelj hides the sight of the 
money from me. 

Tutor. I will pour in a pitcher of 
clear water. 

James. I now see the shilling ; how 
is this to be explained ? 

Tutor. Look to the last figure, and 
conceive your eye to be at s, ^ & the 
side of the pan, and the piece of 
money to be at xi now, when the 
pan is empty, the rays of light flow 
from jr, in the direction x am^ but 
your eye is at s, of course you cannot 
see any thing by the ray proceeding 
along a x m. As soon as I put the 
water into the vessel, the rays of light 
proceed from xtoa, but there they 
enter from a denser to a rarer medium; 
and therefore, instead of. moving in 
a m, as they did when there was no 
water, they will be bent from the 
perpendicular, and will come to your 
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eye at s^ as if the sfailUog were situate 
Btn. 

James. And it does appear to me 
to be at ii. 

Tutor. Remember what I am going 
to tell you, for it is a sort of axiom 
in optics: ••We see every thing in 
the direction of that line in which 
the rays approach us last." Which 
may be thus illustrated: I place a 
tmndle before the lodking-glass, and 
if you stand also btfore the glass^ the 
image of the candle appears behind 
it ; but if another looking-glass be so 
placed as to receive the reflected rays 
of the candle, and you stand before 
this second glass, the candle will ap- 
pear behind that; because the mind 
transfers every object seen along the 
line in which the rays come to the 
«ye last. 

Ch0rlei. If the shilling i^tt^'iXQ^ 

P3 
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moved by the pouring in of the water, 
I do not understand how we could ^ 
see it afterwards. 

Tutor. But you do see It now at' 
the point n, or rather at the little dot 
just above it, which is an inch or two 
from the place where it was fastened 
at the bottom, and from which, you 
may convince yourself, it has not 
moved. 

James. I should like to be con* 
vinced of this : wiU you make the ex- 
periment again, that I may be satisfied 
ofit? 

Tutor. You may make it as often 
as you please, and the efifect ,will 
always be the same ; but you must 
not imagine that the shilling only will 
appear to move, the bottom of the 
vessel seems also to change its place. 

James. It appears to me to be raised 
higher as the water is poured in- 
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. Tutor. I trust you are satisfied by 
this experiment : but I can show you 
apother equally convincing; but for 
this we stand in need of the sun. 

Take an empty vessel a, a commoa 
pan or bason will answer the purpose^ 
into a dark room, having 
only a very small hole 
in the window shutter; 
80 place the bason that 
a ray of light s^. shall 

&11 upon the bottom of it at a, here 
I make a small mark, and then fill 
the bason with water. Now where 
does the ray fall ? 

James. Much nearer to the side at b. 

Tutor. I did not move the bason, 
and therefore could have had no 
power in altering the course of the 
Ught. 

. Charles. It is very clear that the 
cav was refracted by the water at ^^ 
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and I see that the effect of refiractioD, 
in this instance, has been to draw the 
taj nearer to a perpendicular, which 
may be conceived to be the side of 
the vessel. 

Tutor. The same thing may be 
shown with a candle in a room other- 
wise dark : let it stand in such a man- 
ner as that the shadow of the side of 
a pan or box may fall somewhere at 
the bottom of it ; mark the place, and 
pour in water, and the shadow will 
not then fall so far from the side. 
For in this case, the rays of light pass 
out of air J which is a rare medium, 
into water, which is a denser medium, 
aild are accordingly drawn nearer to 
■ the perpendicular. 
,; James. Do all media refract 
equally ^ 

Tutor* No : they differ according 
to their densities : that is^ the dei^ier 
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medium has the greater refracting 
power. When a ray of light passes 
from airinto water the refraction is 
4:3; but when it passes from air 
into glass it is as 3 : 2 ; that is, the 
measures of the ratios are •}. and 4 : 
multiply both fractions by any num- 
ber, as ] 2, and the latter will be seen 
to be the larger. 
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CONVERSATION IVt 



Of the Reflection and Refraction of 

Light. 

Tutor. We will proceed to some 
farther illustrations of the laws of re- 
flection and refraction. We shut out 
all the light except the ray that comes 
in at the small hole in the shutter : 
at the bottom of this bason, where 
the ray of light falls^ I lay this piece 
of looking-glass ; and if the water be 
rendered in a small degree opaque by 
mixing with it a few drops of milk, 
and the room be filled with dust by 
sweeping a carpet, or any other means, 
then you will see the refraction which 
the ray &om the shutter undergoes 
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in passing into the water, the relBec^ 
tion of it at the surface of the looking- 
glass, and the refraction which takes 
place when the ray leaves the water, 
and passes again into the air. 

James, Does this refraction take 
place in all kind of glass ? 

Tutor. It does ; but where the 
glass is very thin, as in window glass, 
the deviation is so small, as to be 
generally overlooked. You may now 
understand why the oar in the water 
appears bent, though it be really 
straight; for, suppose ab represent 

water, and 
m a'x the 
oar ; the 
image of 

the part a x in the water will lie 
above the object, so that the oar will 
appear in the shape many instead of 
max. On this account^^o^^^^ 
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in the water appears nearer the sur* 
face than it actually is, and a marks- 
man shooting at it must aim below 
the place which it seems to occupy. 

Charles. Does the image of any 
ol^ect seen in the water always appear 
higher than the object really is ? 

Tutor. It appears one-fourth nearer 
the surface than the object is. Hence 
a pond or river is a third part deeper 
than it appears to be, which is of 
importance to remember for many a 
school-boy has lost his life by imagin- 
ing the water into which he plunged 
was within his depths as boys say. 

James. You say the bottom appears 
one-fourth nearer the surface than it 
is ; and then that the water is a third 
deeper than it seems to be : I do not 
understand this. 

Tutor. Suppose the river to be six 
feet deep, which is sufficient to drown 
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you or me, if we cannot swim : I say 
the bottom will appear to be only 
four feet and a half from the surface, 
in which case you could stand atid 
have the greater part of youl* head 
above it : of course it appears to be a 
foot and a half shallower than it is ; 
but a foot and a half is just the third 
part of four feet and a half. 

Charles. Can this be shown by 
experiment ? 

Tutor. It may : — I take this large 
empty pa'n, and with a piece of soft 
wax stick a piece of money at the 
bottom, but so that you can just see 
it as you stand ; keep your position, 
and I will pour in a quantity of water 
gradually, and tell me the appearance. 
Charles. The shilling rises exactly 
in the same proportion as you pour in 
the water. - 

Tutor. Recollect^ then^ m ixjjusofc^ 
VOL. y: II 
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that we GsniiM judge of distances so 
well in water as in air. 

James. And I am silre we cannot 
bf magnitude : for, in looking through^ 
the sides of a globular glass at some 
gdd and silver fisfa^ I thought thetai 
very large; but, if I looked dowh 
upon them from the t(4>, thej ap^ 
peared very much smaller. 

Tutor. Here the convex or round 
shape of the glass becomes a magni- 
fier, the reason of which will be ex- 
|>lained h^^after. A fish Ivill, how- 
tever^ look larger in water than it 
really is.*— I will show you another 
experiment) which depends on re- 
fraction : here is a ^ass goblet two- 
thirds full of water ; I throw into it 
A riiilling, and place a plate on the 
top of it, and turn it quickly over, 
that the water may not escape. What 
Ai^jittiee? 
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Ckarfe^ T^^€; sf^m^ certainly % 
half-crown lying op %\ie pU^e^i and % 
stiUling appears tQ be swimmiqg aty)ve 
it in th^ water. 

Tt^or. So it seems indeed; bq| 
it i^ ^ deception, whic^ arises frop9 
your seeipg the piece of monejf 19 
(wo directions a| onc^, ^iz. thrq^gfa 
the conical surface of th^ wa^ ^ 
%h^ side pf the ^Uiss, aqd thrqugh the 
flat sur&ce f^t the top of the Wfttesu 
The conical suifac^ ^s wi^ tl)e cas^ 
with the globular one ia ^bicb tb? 
fish were awinuning^ i»Agpi6es tb? 
money ; but by the fl^t surface tbo 
rays are only refracted, on whicb ac- 
cQunt the iponey ia seen higher up ia 
the glass, and qf ita natural size, or 
nearly so. 

James. If I ^ook sidewaya at the 
money I only see the large piece; 

E S 
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and, if only at top, I see it in its 
natural size and state. 

Charles. Look again at the fish in 
the glass, and you will see through 
the round part two very large fish, 
and seeing them firom the upper part, 
they appear of their natural size ; the 
deception is the same as with the 
shilling in the goblet. 

Tutor. The principle of refraction 
is productive of some very important 
effects. By this the sun, every clear 
morning, is seen several minutes be- 
fore he comes to the horizon, and as 
long after he sinks beneath it in the 
evening. 

Charles. Then the days are longer 
than they would be, if there was no 
such a thing as refraction. Will you 
explain how this happens ? 

Tutor. I will : you know we are 
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fluiTOUBded with aa atmo^phexe, which 
extends all round the earthy and abovft 
it, with sufficient density to refracfe 
the rays of light, to above the height 
of forty-five miles; now the dotteA 
part of this diagram 9^ w ^ 

represents that 
mosphere : suppqie 

a spectator stand ^. 

s, an4 the sun to be f^ 

at a ; if there were no refraction, the 
person at s would not see the rays 
of the sun till he were situate with 
regard to the sun in a lineStP^; 
because, when it was below the hori- 
zon, at 6, the rays would pass by the 
earth in the direction ba^z ; but, 
owing to the atmosphere, and its re- 
fracting power, when the rays from 
b reach Xy they are bent towards the 
perpendicular, and carried to the spe&* 
tator at s. 

£3 
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James. Will be really see the 
image of the sun while it is below 
the horizon ? 

Tutor. He will;' &r it is easy to 
calculate the moment when the sun 
should rise and set, and, if that be 
compared with exact observation, it 
will be found, that 4he image of the 
sun is^seen sooner or later than this 
by several minutes every clear day. 

Charles. Are we subject to the 
same kind of deception when the sun 
is actuaUy above the horizon ? 

Tutor. We are always sul^ect to 
it in these latitudes, for the sun is 
never in that place in the heavens 
where he appears to be. 

James. Why in these latitudes par- 
ticularly ? 1 • 

Tutor. Because with us the sun 
is never in the zenith^ s, or directly 
over our heads ; and, in that situation 



BBFBACTIOK Of TBfi ATMOSPHERB. 43 

alone, im true place in the heavens 
is the same as his apparent place. 

Charles. Is that because there is 
no refraction vfl^ba the rays fall per- 
pendicularly on the atmosphere ? 

Tutor. It is : bwt% wh^ the sun 
is at m, in the last figure^ his rays will 
not proceed in • direct Une m o s, 
but will be bent out of theisucourse 
at 0, and go in the direc^on o s, and 
the spectator will imagine he sees the 
sun in the line son. 

Charles. What makes tbe . moon 
look so much larger, when it is just 
above the horizon, than wten it is 
higher up ? 

Tutor. The thickness of the at- 
mosphere, when the moon is near the 
horizon, renders it less bright than 
when it is higher up, which leads us 
to suppose it is farther off in the 
fi)rmer case than in the latter ; and^ 
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because we imagine it to be farther 
from U8» we take it to be a larger ob^ 
ject than when it is higher. 

It is owing to the atmosphere that 
the heavens appear bright in the day-* 
time. WUhout any atmosphere, only 
that part of the heavens would ap^ 
pear luminous in which the sun is 
seen ; in that case, if we could live 
without air.^^d should stand with 
our backs td the sun, the whole hea- 
vens would appear as dark as night. 
We cannot, therefore, too highly 
estimate the importance of an at- 
mosphere, thaf,. affords those reflec** 
tions and redactions of light, which 
shed lustre over surrounding objects, 
and which form pleasing transitions 
from darkness to day, and from day 
to night, by means of twilight. 

The particles of light from the 
3iin travel in immense regions of 
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complete darkness^ till they arrive at 
the atmospheres of the several planets 
and satellites, when their passage 
through those atmospheres^ by direct 
motion, reflection, and refraction, 
gives occasion to the manifestation of 
light, and all its beauteous^ striking, 
and useful modifications. 
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CONVERSATION V. 



Definitions — Of the different kinds 
of Lenses — Of Mr. Parker's 
Burning Lens, and the effects pra-^ 
duced by it. 

Tutor. I must claim your at- 
tention to a few other definitions; 
the knowledge of which will be want- 
ed as we proceed. 

A pencil of rays is any number 
that proceed from a point. 

Parallel rays are such as move 
always at the same distance from each 
other. 

Charles, That is something l&e 
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the definition of parallel tines,* But, 
when you admitted the rays of light 
through the small hole in the shutter, 
they did not seem to flow from that 
t)oint in parallel lines^ but to recede 
from each other in proportion fO 
their distance from that pcnnt. 

Tutor. They did ; and, when they 
do thus recede from each other, as 

in this figure, 
from c to. c dy 
then they are 
said to ^t- 
verge. But if 

they continually approach towards 
each other, as in moving from cd io 
c, they are said ti Converge. 

Jamei. What does the dark part 
of this figure represent ? 

* Paridiel lines ait those which being iniiDitely 
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' Ttttor. It represents a glass' lens, 
of which there are several kinds. 

Charles. How do you describe a 
lens?' 

Tutor. A lens is a glass ground 
into such a form as to collect or dis- 
perse the rays of light which pass 
through it. Lenses are of different 
shapes, from wliich they take tlieir 
names. They are represented here in 
one view. A is such a one as that in 




the last figure, andj^ is called a plano- 
convex, because one side is flat and 
the other convex ; B is a plano-coti' 
cave, one side being, ^at, and the 
other concave ; c is,a double convex 
lens, because both sides are. convex; 
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D is a double concave^ because both 
sides are concave ; and E is called a 
meniscus, being convex on one side, 
and concave on the other ; of this 
kind are all watch glasses. 

, James. I can easily conceive of 
diverging rays, or rays proceeding 
from a point : but what is to make 
them converge, or come to a point ? 

Tutor. Look again to the last 
figure but one ; now a, b, m, &c. repre^ 
sent parallel rays, falling upon cd,a 
convex surface, of glass, for instance, 
all of which, except the middle one, 
fall upon it obliquely, and, accord- 
ing to what we saw yesterday, will 
be refracted toMWfds the perpendi- 
cular. 

Charles. And I suppose they will 
all meet in a certain point in that 
middle line. 

Tutor. That point c is called.thQ 

yoL. V. F 
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foeu8 : the ^ark part of this figure 
onlf represents the glass, ss cdn. 

Charles. Have you drawn the dr- 
cle tb show the exact curve iof the 
different lenses ? 

Tutor* Yes : and you see that 
parallel rays falling upon a plano- 
convex lens meet at a point behind 
it, the distance of which, from the 
middle of the glass, is exactly equal 
to the dititneter of the sphere of which 
the lens is a portion. 

Jamei. And in 
the case of a dou- 
ble convex is the 
distance of the fo- 
cus of parallel rays' 
equal only to the radius of the sphere ?' 

Tutor. It is: and you see the 
reason of it immediately; fbr two 
concave surfaces have double the 

effect » fcfrMtk% X9j% to wbftt a 
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^ngle one has: the latter bitDgiDg 
them to a focus at the distance of the 
^met^» the former at half that dis- 
tance^ or of the radius. 

Charles. Sometimes, perhaps, the 
two sides of the same lens m^y have 
diflferent curves : what is to be done 
then? 

Tutor^ If you know the radius of 
both the curves, the following rule 
will give you the answer :— - 

'^ As the sum of the radii of both 
curves or convexities is to the radius 
of eitl^r, so is double the radius of 
the other to the distance of the focus 
from the middle point." 

James-. Then, if one radius be four 
inches^ and the other three inches, 
I gay, as 4 X 3 : 4 : : 6 y = ^ f , 
or to nearly three inches and a half. 

I saw an old sailor lighting his pipe 
yesterday by means of the sun's ra^^ 

F8 
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and a glass : was that a double con« 
vex lens? 

Tutor. I dare say it was : and 
you now see the reason of that which 
then you could not comprehend : all 
the rays of the sun that fall on the 
surface of the glass in the last figure 
are collected in the pointy*, which^ in 
this case, may represent the tobacco 
in the pipe. 

C harks. How do you calculate 
the heat which is collected in the 
focus? 

Tutor. The force of the heat col- 
lected in the focus is in proportion 
to the common heat of the sun, as 
the area of the glass is to the area of 
the focus: of course, it may be a 
hundred or even a thousand times 
greater in the one case than in the 
other. 

James. Have I not heard you say 
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that Mn Parker, of Fleet Street, 
made once a very large lens, which 
he used as a burning-glass ? 

Tutor. He fbrmed one three feet 
in diameter, and when fixed in its 
firame, it exposed a dear surface of 
more than two feet eight inches in 
diameter, and its focus, by means of 
another lens, was reduced to a dia* 
meter of half an inch. The heat 
produced by this was so great, that 
iron plates were melted in a few se- 
conds : tiles and slates became red- 
liot in a moment, and were vitrified, 
4)r changed into glass : sulphur, pitch, 
and other resinous bodies, were melted 
under water : wood ashes, and those 
of other vegetable substances, were 
turned in a moment into transparent 
i;lass. 

Charles. Would the heat produced 
by it melt all the metals ? 

f3 
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Tutor: It would : : even gold was 
rendered fluid in a few seconds ; not- 
withstanding, however, this intense 
heat at the focus, the finger might, 
without the smallest injury, be placed 
in the cone of rays within an inch of 
the focus. 

James. There was, however, I 
should suppose, some risk in this 
experiment, for fear of bringing the 
finger too near the focus. 

Tutor. Mr. Parker's curiosity led 
him to try what the sensation would 
be at the focus ; and he describes it 
like that produced by a sharp lancet, 
and not at all similar to the pain pro- 
duced by the heat of fire or a candle. 
Substances of a white colour were 
difficult to be acted upon. 

Charles. I suppose he could make 
water boil in a very short time with 
the lens. 
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Tutor. If the water be very pure, 
and contained in a clear glass decan- 
ter, it will not be warmed by the most 
powerful lens. But a piece of wood 
may be burned to a coal, when it is 
<X)ntained in a decanter of water. 

James. Will not the heat break 
the glass ? 

Tutor. It will scarcely warm it : 
if, however, a piece of metal be put 
in the water, and the point of rays 
be thrown on that, it will communi- 
cate heat to the water, and sometimes 
make it boil. The same effect will 
be produced if there be some ink 
thrown into the water. 

If a cavity be made in a piece of 
charcoal, and the substance to be 
acted on be put in it, the effect pro- 
duced by the lens will be much in- 
creased. Any metal thus enclosed 
melts in a moment, the fire sparkling 
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like that of a forge to which the blast 
of a bellows is applied. 

Charles. Cannot the same effects 
be produced by a concave mirror. 

Tutor. Every concave mirror, or 
speculum, whether made of glass or 
metaly collects the rays, dispersed 
through the whole concavity, after 
reflection, into a point or focus, and 
is therefore a burning mirror. 

The ancients made use of concave 
mirrors to rekindle the Vestal fires. 
Plutarch says, that they employed 
for that purpose a'yi»q>iToi, or dishes. 
They were, most probably, hollow 
hemispherical Vessels, finely polished 
within. Such vessels, placed opposite 
the sun, would ooUect his rays into a 
focus, at half the radius ; where the 
Vestal virgins holding the combusti- 
ble matter, for a short time, woul4 
bring it away burning. 
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CONVERSATION VI. 



Of Parallel Rays — Of diverging 
and converging Rays — Of the Fo- 
cus and Focal Distances. 

Charles. I have been looking 
at the figures 6 and 8, and see that 
the rays falling upon the lenses are 
parallel to one another ; are the sun's 
rays parallel? 

Tutor. They are considered so : 
but you must not suppose that all the 
rays that come from the surface of 
an object, as the sun, or any other 
body to the eye, are parallel to each 
other, but it must be understood of 
those rays only which proceed from 
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a single point. Suppose S to be the sun, 
the rays which proceed from a single 




point A5 do in reality form a cone, the 
^lose of which is the pupil of the eye, 
and its height is the distance from us 
to the sun. 

James. But the breadth of the 
eye is nothing when compared to a 
line ninety-five millions of miles long. 

Tutor. And for that reason, the 
various rays that proceed from a sin- 
gle point in the sun are considered 
as parallel, because their inclination 
to each other is insensible. The 
same may be said of any other point, 
as c. Now all the rays, that we can 
admit by means of a small aperture^ 
or hole, must proceed from an in* 
definitely small point of the sun, and 
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iherrfore they are justly considered 
as parallel. 

If now we take a ray from the 
point Aj and another from c, on op- 
posite points of the sun's disk; they 
will form a sensible angle at the eye ; 
and it is from this angle A £ c that we 
judge of the apparent size of the sun, 
which^ as you were taught when we 
conversed about astronomy, is about 
half a degree in diameter. 

Charles. Will the size of the pupil 
of ttie eye make any difference with 
regard to the appearance of the object? 

Tutor. The larger the pupil, the 
brighter will the object appear, be- 
cause the larger the pupil is, the 
greater number of rays it will receive 
from any single point of the object. — 
And I wish you to remember what I 
have told you before, that^ whenevet 
tiie -iqn^^ttraiioe of a giveu cdgect is 
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rendered larger and brighter, we al- 
ways imagine that the object is nearer 
to us than it really is, or than it ap- 
pears at other times. 

James. If there be nothing to re- 
ceive the rays (Fig. p. 50) at^ would 
they cross one another and diverge ? 

Tutor. Certainly, in the same man- 
ner as they converge in coming to it ; 
and, if another glass, F g, of the same 
convexity as D£, be placed in the 
rays at the same distance from the 
focus, it will so refract them, that, 
after going out of it, they will be 
parallel, and so proceed on in the same 
manner as they came to the first glass. 

Charles. There is, however, this 
difference ; all the rays, except the 
middle one, have changed sides. 

Tutor. You are right ; the ray B, 

which entered at bottom, goes out at 

. the top b ; and h, which entered at 
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the top, goes out at the bottom c, and 
so of the rest. 

If a candle be placed aty*, the focus 
of the convex glass, the diverging 
rays in the space f/g, will be so re- 
fracted by the glass that, after going 
out of it, they will .become parallel 
again. 

James. What will be the effect if 
the candle be nearer to the glass than 
the point/? 

Tutor. In that case, as if the candle 
be at gf the rays 
will diverge after 
they have passed 
through the glass, 
and the divergency 
will be greater or less in proportion 
as the candle is more or less distant 
from the focus. 

Charles. If the candle be placed 
farther from, the lens than the focus 

VOL. V. G 
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/, will the rays meet in H poutt dEter 
they have passed through it ? 

Tutor. They will: thus, if the 
candle beplaced at 
g^, the rays, after 
passing the lens, 
•will meet at x; 

and this point x will be more or less 
disitatit ISr6'm %e glass, as the candle is 
nearer to, or farther from its focus. 
Where the rays meet, th^ form an 
inverted image of the flame of the 
candle. 

James. Why so ? 

Tutor. Because that is the point 
where the rays, if they are not stopped, 
cross each other: to satisfy you on 
this head, I will hold in that point a 
sheet of paper, and you now see 
that the flame of the candle is in- 
Terted. 

James. How is tibb expfaiiiedi^ 
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Tutoff. Let ABC Tepresent an. 
airow placed beyond the focus v, <^ 




a, dpuU^ convex lens def^ some raysr 
wriU flow from every part of the arrows, 
and faU Qn the lens; but we shall 
consider only those which flow from 
the poifits A» B5 and c The raya 
which come from a, as a ^, a e, and 
a/I will he refracted by the lens^ 
and meet in a. Those which come 
from 3f^ as B </» B e, and Bf, will unite 
in b, and those which come from o 
will unite in €• 

CkarleSk I see dearly how the rays. 

q2 
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from B are refracted, and unite in b ; 
but it is not so evident with regard to 
those from the extremities A and c. 

Tutor. I admit it ; but you must 
remember the difficulty consists in 
this, the rays fall more obUquely on 
the glass from those points than from 
the middle, and therefore the refrac- 
tion is very different. The ray B r in 
the centre suffers no refraction, B ^ is 
refracted into b^ and if another ray 
went from N, as N </, it would be re- 
fracted to », somewhere between b 
and a^ and the rays from a must, for 
the same reason, be refracted to a. 

James. If the object abc is brought 
nearer to the glass, wiU the picture be 
removed to a greater distance ? 

Tutor. It will : for then the rays 
will fall more diverging upon the glass, 
and cannot be so soon collected into 
the corresponding points behind it < 
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Charlf^. From what ypii have 
i^idj J lee tl^at if the object a b c be 
placed ip F^ the rays, after refraction^ 
vfiil go out parallel to one aDother ; 
and if brought nearer to the glass 
than F, then they wiU diverge from' 
one another^i so that in neither case 
an image will be formed behind the 
lens. 

Japies. To get an image, must the 
olyect be beyond the focus f ? 

Tutor. It must : and the picture 
will be bigger or less than the object, 
as its distance from the glass is 
greater or less than the distance of 
the object ; if a B c (last fig.) be the 
object, cb A will be the picture ; and 
if c & A be the object, A B c will be the 
picture. 

Charles. Is there any rule to find 
the distance of the picture from the 
glassi 

G3 
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Tutor. If you know the focal dis- 
tance of the glass, and the distance of 
the object from the glass, the rule 
is this. 

** Multiply the distance of the focus 
by the distance of the object, and 
divide the product by their difference, 
the quotient is the distance of the 
picture." 

James. If the focal distance of 
the glass be seven inches, and the 

object be nine inches from the lens, 

T 7 X 9 63 ^^ . ^ ^ 

I say, — 2--==-2-= 3H inches; of 

course the picture will be very much 
larger than the object. For, as you 
have said, the picture is as much big- 
ger or less than the object as its dis- 
tance from the glass is greater or less 
than the distance of the^ object. 

Tutor. If the focus be seven inches, 
and the object at the distance of sieven«i 
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en inches, then the distance of the 
cture will be found by a similar 

,, 7x 17 119 ^^. , 
ocess« thus ^Q = -j^= 12 inches 

\BX\j. 
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CONVERSATION VIL 



Images of Objects inverted — Of the 
Scioptric Ball — 0/ Lenses and 
their Foci. 

James. Will the image of a 
candle, when received through a con- 
vex lens, be inverted ? 

Tutor. It will, as you shall see. 
Here is no light in this room but from 
the candle, the rays of which pass 
through a convex lens, and, by hold- 
ing a sheet of paper in a proper place, 
you will see a complete inverted 
image of the candle on it. 

' An object seen through a very small 
aperture appears also inverted, but it 
is very imperfect compared to an 
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image formed with a lens ; it is faint. 
for want of light, and it is confused 
because the rays interfere with one 
another. 

Charles. What is the reason of its 
being inverted ? 

Tutor. Because the rays from the 
extreme parts of the object must cross 
at the hole. If you look through a' 
very small hole at any object, the ob- 
ject appears magnified. Make a pin- 
hole in a sheet of brown paper, and- 
look through it at the small print of. 
this book. 

James. It is, indeed, very much 
magnified. 

Tutor. As an object approaches a 
convex lens, its image departs from 
it; and as the object recedes, its 
image advances. Make the experi-^ 
ment with a candle and a lens, pro- 
perly mounted, in a long room : when 
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yott stand at one end of the rooiQ«, 
and throw the image on the oi^)0site. 
^all the image is large, but as you 
come nearer to the wall, the iqaage ici 
9maU, and the distance between the 
candle and glass is very nauch in* 
weased. 

I will now show you an instrameni 
called a Scioptric Ball^ which is fas^ 
tened into a window shutter of a room 
from which all light is excluded ex« 
cept what comes in through Moisk 
glass. 

Charles. Of what does this instru^ 
ment consist I 

Tutor. Of a frame a b and a. ball 
of wood c, in which is a 
glass lens; and the ball 
moves easily in the frame in 
^ directionsii so that the 
loew of any surrounding 

^s may be received throiigh it. 
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James. Do you screw tins frame 
foito the dintter ? 

Tutor. Yes ; a hole is cut in it for 
that purpose; and th^e are little 
brass screws belonging to it such as 
those marked s. When it is fixed in 
its place, a screen must be set at a 
proper distance from the lens to re^ 
ceive on it images of the objects out 
of doors. This instrument is some- 
times called an artificial eye. 

Charles. In what respect is it like 
the eye ? 

Tutor. The frame has been com- 
pared to the socket in which the eye 
moves, and the wooden ball to the 
whole globe of the eye ; the hole in 
the ball represents the pupil, the con<^ 
vex lens corresponds to the crystaffine 
humour,* and the screen to the retina. 

* These tenn* wiU be eijplained ia Confeisaf 
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James. The ball^ by turning in all 
directions, is very like the eye, for 
•without moving the head, I can look 
on all sides, and upwards and down- 
wards. 

Tutor. Well, we will now place 
the screen properly, and turn the ball 
to the garden : — Here you see all the 
objects perfectly expressed. 

James. But they are all inverted. 

Tutor. That is the great defect be- 
longing to this instrument; but I 
will tell you how it may be remedied : 
take a looking-glass, and hold it 
before you, with its face towards 
the picture on the screen, and in- 
clining a little downwards, and the 
images will appear erect in the glass, 
and even brighter than they were on 
the screen. 

Charles. You have shown us in 
what manner the rays of light are re- 
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fracted by convex lenses, when those 
rays are parallel : will there not be 
a difference if the rays converge. 
or diverge before they enter the 
lens ? 

Tutor. Certainly : if rays converge 
before they enter a convex lens, they 
will be collected at a point nearer to 
the lens than the focus of parallel 
rays. But if they diverge before 
they enter the lens, they will then be 
ooUected in a point beyond the focus 
of parallel rays. 

There are concave lenses as well 
as convex, and the refraction which 
takes place by means of these differs 
from that which I have already ex* 
plained. 

Charles. What will the effect of 
refraction be, when parallel rays fall 
upon a double concave lens ? 

you V. H 
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Ihtar, Suppose the parallel r&ysp 

pass through 
thie lens a b, 
they will rff- 
verge after they 
have passed through the glass. 

James^ Is there any rule for liscier^ 
taitiing the degree of divergency ? 

Tutor. Yes, it will be precisely so 
much ^ if the rays had dome from ^ 
radiant point .r, which is the lientre 
of the cavity of the glass. 

Charles. Is that point called the 
focus? 

Tutor. It is called the viriual^ or 
imagifmry Jvm^ Thus the ray a^ 
after passing through the glass ab^ 
Will go in the directicoi ghf as if it 
bad come from the point ^ and no 
glass bete m the way; the ray k 
would so on in the4irectiott m$u md 
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the r^y e in the direction r 9, ^nd so 
on. The raj c <r in the centre suffeni 
no refraction, but proceeds precisely 
as if' no glass had been in the way. 

James. Suppose the lens had becin 
concave only on one side, and the 
other side had been flat } how would 
$he rays have diverged ? 

Tutor. They would have divei^ged, 
after passing through it, as if they had 
borne from 9 radiant point at the dis- 
tance of a whole diameter of the con^ 
vexity of the lens. 

Charks. There is then a great 
similarity in the refraction of the con- 
vex aqd concave lens. 

Tutor. True : the/ocw^of a double 

convex is at the distance of the radius 

of convexity, and so is the imaginary 

focus of the double concave } and \\it 

focus of the plano-convex is at the 

distance of the diameter of the con- 

H 2 
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vexity, and so is the imaginary focus 
of the plano-concave. 

You will find that images formed 
by a concave lens, or those formed 
by a convex lens, where the object is 
within its principal focus^ are in the 
same position with the objects they 
represent : they are also imaginary^ 
for the refracted rays never meet at 
the foci when they seem to diverge. 

But the images of objects placed 
beyond the focus of a convex lens are 
inverted, and real; for the refracted 
rays do meet at their proper foci. 
. Do not forget that the effect of con- 
vex lenses is to render the rays that 
pass through them convergent, and 
to bring them together into a focus. 
The eflfect of concave lenses is to 
render the rays, transmitted through 
ihfixn, more divergent. 
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CONVERSATION VIII. 



Of the Nature and Advantages of 
Light — Of the Separation of the 
Rays of Light by Means of a 
Prism — And of compounded Rays, 
8sc. 

Tutor. We cannot contemplate the 
nature of light without being struck 
with the great adv$intages which we 
eiyoy from it. Without that bless- 
ing our condition would be truly 
deplorable. 

Charles. I well remember bow 
feelingly Milton describes his situation 
after he lost his sight : 

H3 
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— With the year 
Seasons return ; but not to me returns 
Day, or the sweet approach of ev'n or mom. 
Or sight of vernal bloom, or summer's rose^ 
Or flocks, or berds^ or human face divine ; 
But cloud instead, and ever-during dark 
Surrounds me ; from the cheerful ways of men 
Cut off, and for the book of knowledge fair 
Presented with an universal blank 
Of Nature's works, to me expung'd and raz'd^ 
And wisdom, at one entrance, quite shut out. 

Tutor. Yet his situation was ren- 
dered comfortable by means of friends 
and relations, who all possessed the 
advantages of light. But if our world 
were deprived of light, what pleasure, 
or even comfort, could we enjoy. 
" How,** says a good writer, " could 
we provide ourselves with food, and 
the other necessaries of life ? How 
could we transact the least business ? 
How could we correspond with each* 
other, or be of th^ least reciprocal 
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service^ without light, and those ad- 
mirable organs of the body, which 
the Omnipotent Creator has adapted 
to the perception of this inestimable 
benefit?" 

James. But you have told us that 
the light would be of comparatively 
small advantage without an atmo- 
sphere. 

Tutor. The atmosphere not only 
refracts the rays of light, so that 
we enjoy longer days than we should 
without it, but occasions that twilight 
which is so beneficial to our eyes ; 
for without it the appearance and dis- 
appearance of the sun would have 
been instantaneous; and in every 
twenty-four hours we should have . 
experienced a sudden transition from 
the brightest sun-shine to the most 
profound darkness, and from thick 
darkness to a blaze of light. 
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Charks. I know hovi^ painful that, 
would be, from having slept ia a verj^ 
dark room and haying suddenl]^ 
opened the shutters when the sun was 
shining extremely bright. 

Tutor. The atmosphere reflects 
also the light in every direction ; and 
if there were no atmosphere, the sun 
would benefit those only who looked 
towards it, while, to those whose backs 
were turned to that luminary, all WQ14I4 
be darkness. Ought we not there- 
fore gratefully to acknowledge the 
wisdom and goodness of the Creator, 
who has adapted these things to the 
advantage of his creatures ; and may 
we not with Thomson devoutly ex- 
claim : — 

How then shall I attempt to sing of Hino, 
Who, light himsplf^ in uncreated light 
Invested deep^ dwells awfully retir'd 
From mortal eye, or angel'* purer ken ; 
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Whose single smile has, from the first of time> 
Fili'd, overflowing, all yon lamps of heaven^ 
That beam for ever through ibe boundless sky : 
But, should He hide his face, th' astonish'd sun. 
And all th' extinguished stars would, ioos'ningy 

reel 
Wide from their spheres, and Chaos come again. 



James. I saw^ in some of your 
experiments^ that the rays of light, 
after passing through the glass, were 
tinged with different colours ; what is 
the reason of this ? 

Tutor. Formerly, light was sup- 
posed to be a simple and uncom- 
pounded body; sir Isaac Newton, 
however, discovered that it was not a 
simple substance, but was composed 
of several parts, each of which has, 
in fact, a different degree of refrangi- 
bility. 

Charles. How is that shown ? 

Tutor. Let the room be darkened. 
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and let there be only a very 5mall 
hole in the shutter to ^dmit the sun's 
rays : instead of a lens I take a tri- 
.angular piece of glass, called a prism ; 
now, as in this there is nothing to 
bring the rays to a focus, they will, 
in passing through it, suffer different 
degrees of refraction, and be separated 
into the different coloured rays, which, 
being received on a sheet of white 
paper, will exhibit the seven follow* 
ing colours, red, orange, yellow^ 
green, blue, indigo^ and molet: and 
now you shall hear a poet^ descrip« 
tion of them. 



■ ■ First the flaming red 
Sprung vivid fortli ; the tawny orange next ; 
And next delicious yellow ; by whose side 
Fell the kind beams of all-refreshing green. 
Then the pure &/ue, that swells autuipnal skies, 
Ethereal play'd ; and then, of sadder hue, 
£mei;g'd the deepen'd indigo, as when 
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The heavy skirted eyening droops with frosti 
While the last gleamings of refracted light 
Dy'd in the faintiog violet away. 

Thomson. 



James. Here are all the colours of 
the rainbow : the image on the paper 
is a sort of oblong. 

Tutor. That obloDg image is 
usually called a spectr^um ; and^ if it 
be divided into 360 equd parts, the 
red will occupy 45 of them, the 
orange 27, the yellow 48, the green 
and the blue 60 eiaoh, Uie indigo 40, 
and the violet 80. 

Charles. The shade of difference 
in ^me of these colours seems very 
small indeed. 

Tutor. You lure not the only petu 
son who has made this observation : 
some experimental philosophers Say 
tbeK ara taut tbree ^mfftaX and^tnl^ 
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distinct colours^ *oiz. the red, yeliatv, 
add blue. 

Charles. What is called the orange 
is surely only a niixture of the red 
and yellow, between which it is si- 
tuated. 

Tutor. In like manner the green 
is said to be a mixture of the yellow 
and blue, and the violet is but a 
fainter tinge of the indigo. 

James. How is it then that light, 
which consists of different colours, is 
usually seen as white ? 

Tutor. By mixing the several 
colours in due proportion white may 
be produced. 

James. Do you mean to say, that a 
mixture of red, orange, yellow, green, 
blue, indigo^ and violet, in any pro- 
portion, will produce a white ? 

Tutor. If you divide a circular sur- 
hce into S60 parts^ and then paint 
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it in the proportion just mentioned, 
that is, 45 of the parts red, 27 orange, 
48 yellow, &c., and turn it round 
with great velocity, the whole will 
appear of a dirty white ; and^ if the 
colours were more perfect, the white 
would be so too. 

James. Was it then owing to the 
separation of the different rays, that 
I saw the rainbow colours about the 
edges of the image made with the 
lens? 

Tutor. It was : some of the rays 
were scattered, and not brought to a 
focus, and these were divided in the 
course of refraction. And I may tell 
you now, though I shall not explain 
it at present, that the rainbow in the 
heavens is caused by the separation 
of the rays of light into their com- 
ponent parts. 

Charles. And was that the cause 

VOL, V. I 
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dTthe colours whic^h we saw ott soine 
soap bubbles which James was makitig 
With a tobacco-pipe ? 

Tutor. It was. These bubbles are 
nothing more than thin bladders of the 
solution^ whose thickness is continual- 
ly varying ; which is the cauS); of the 
rariety of cdlours Which they exhibit. 
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CONVERSATION IX. 



Of Colours. 

Charles. After what you said 
yesterday, I am at a loss to know the 
cau^ of different colours: the cloth 
on this table is green ; that of which 
my coat is made is blue : what makes 
the difference in these ? Am I to be- 
lieve the poet, that 

Colours are but phantoms of the day, 
With that they're born, with that they fadeaway; 
Like beauty's charnas, they but amuse the si^ht, 
Dark in themselves, till by reflection briglit ; 
With the sun's aid to rival him they boast ; 
But, light withdrawn, in their own shades are lost. 

HvcH9g« 
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Tutor. All colours are supposed 
to exist only in the light of luminous 
bodies, such as the sun^ a candle, 
6ic., and that light falling incessantly 
upon different bodies is separated 
into its seven primitive colours, some 
of which are absorbed, while others 
are reflected. 

James. Is it from the reflected 
rays that we judge of the colour of 
objects ? 

Tutor. It has generally been 
thought so; thus the cloth on the 
table absorbs all the rays but the 
green, which it reflects to the eye : 
but your coat is of a different tex- 
ture^ and absorbs all but the blue 
rays. 

Charles* Why is paper and the 
snow white ? 

Tutor. The whiteness of paper 
is occasioned by its reflecting the 



greatest part of all the rays that faU 
upon it. An4 every flake of snow:^ 
being an assemblage of frozen globqle^ 
of water sticking together, reflects and 
refracts the light that falls upon it in 
all directions^ so as to mix it very in- 
timately, and produce a white image 
on the eye. 

James. Does the whiteness of the 
sun's light arise from a mixture of all 
the primary colours ? 

Tutor. It does, as may be easily 
proved by an experiment ; for, if any 
of the seven colours be intercepted at 
the lens, the image in a great mea- 
sure loses its whiteness. With the 
prism, I will divide the ray into its 
seven colours;* I will then take a 
conve:^ lens, in order to re-unite them 

♦ A figure will be given oa this subject, with 
explai^ations; Conversation XVIII. On the Rain- 
bow. 

I3 
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into a single ray, which will exhibit 
a round image of shining white ; but, 
if only five or six of these rays be 
taken with the lens, it will produce a 
dusky white, 

Charles. And yet to this white 
colour of the sun we are indebted 
for all the fine colours exhibited in 
nature : — 

Fairest of beings ! first created light! 

Prime cause of beauty ! for from thee alone 

The sparkling geno, the vegetable race, 

The nobler worlds that live and breathe, their 

charms, 
The lovely hues peculiar to each tribe. 
From thy unfailing source of splendour draw. 

Mallet. 

Tutor, These are very appropri- 
ate lines, for without light the dia« 
mond would lose all its beauty. 

James. The diamond, I know, owes 
its brilliancy to the power of reflect- 
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ing almost all the rays of light 
that fall on it : but are vegetable 
and animal tribes equally indebted 
to it? 

Tutor. What does the gardener 
do to make his endive and lettuces 
white ? 

Charles. He ties them up. 

Tutor. That is, he shuts out the 
light, and by these means they be- 
come blanched. I could produce you 
a thousand instances to show, not 
only that the colour, but even the 
existence of vegetables, depend upon 
light. Close wooded trees have only 
leaves on the outside ; such is the 
cedar in the garden. Look up the 
inside of a yew tree, and you will see 
that the inner branches are almost, or 
altogether barren of leaves. Gera- 
niums and other green-house plants 
turn their flowers to the light ; an< 
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plants in general, if doomed to dark^ 
ness, soon sicken and die. 

James. There are some flowers^ 
the petals of which are, in different 
parts, of different colours ; how do 
you account for this? 

Tutor. The flower of the hearts- 
ease is of this kind ; and, if examined 
with a good microscope, it will be 
found that the texture of the blue 
and yellow parts is very different. 
The texture of the leaves of the 
white and red rose is also different. 
Clouds, also, which are so various in 
their colours, are undoubtedly more 
or less dense, as well as being di& 
ferently placed with regard to the 
eye of the spectator ; but they all 
depend on the light of the sun for 
their beauty, to which the poet re^ 
fers:— 
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But see, the flush'd horizon flames intense 

With vivid red^in rich profusion stream'd 

O'er heaven's pure arch. At once the clouds 

assume 
Their gayest liveries ; these with silvery beams 
Fring'd lovely j splendid those in liquid gold : 
And speak their sovereign's state. He comes, 

behold ! 
Fountain of light and colour^ warmth and life I 
The king of glory ! 

Mallet. 

Charles, Are we to understand, 
that all colours depend on the reflec- 
tion of the several coloured rays of 
light ? ' 

Tutor. This seems to have been 
the opinion of Sir Isaac Newton : 
but he concluded, from various ex- 
periments on this subject, that every 
substance in nature, provided it be 
reduced to a proper degree of thin- 
ness, is transparent. Many trans- 
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parent media reflect one colour^ and 
transmit another: gold-leaf reflects 
the yellow, but it transmits a sort of 
green colour by holding it up against 
a strong light. 

Mr. Delaval, a gentleman who a 
few years since made many experi- 
ments to ascertain how colours are 
produced, undertakes to show that 
they are exhibited by transmitted 
light alone, and not by reflected light. 

James^ I do not see how that can 
be the case with bodies that are not 
transparent. 

Tutor. He infers, from his ex- 
periments, which you may hereafter 
examine for yourselves, that the ori- 
ginal fibres of all substances, when 
cleared of heterogeneous matter, are 
perfectly white, and that the rays of 
light are reflected from these white 
particles through the colouring mat- 
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ter with which they are covered, and 
that this .colouring matter serves to 
intercept certain rays in their passage 
through it, while a free passage being 
left to others, they will exhibit, ac- 
cording* to these circumstances^ dif- 
ferent colours. — The red colour of 
the shells of lobsters after boiling, he 
says, is only a superficial covering 
spread over the white calcareous 
earth, of which the shells are com-* 
posed, and may be removed by scrap* 
ing or filing. Before the application 
of heat it is so thick as to appear 
black, being too thick to admit tfae 
passage of light to the shell and biick 
again. The case is the same with 
feathers, which owe their colours to 
a thin layer of transparent mattei* on 
a white ground. 
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CONVERSAtlON X. 



Reflected Light, and Plain MirroH. 

, Tutor. We now propose to speak 
of a different species of glasses, viz. of 
mirrors, or, as they are sometimes 
called, specula. 

' James. A looking-glass is a mirrm*, 
is it not ? 

Tutor. Mirrors are made of glass, 
silvered on one side; they are also 
made of highly polished metal. There 
are three kinds of mirrors, the plain, 
the convex, and the concave. 

Charles. You have shown us that, 
in a looking-glass, or plain mirror. 
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The angle of reflection is always 
equal to the angle of incidence." * 

Tutor. This rule is not only ap- 
plicable to plain mirrors, but to those 
which are convex and concave also, 
as I shall show you to-morrow. But 
I wish to make some observations 
jfirst on plain mirrors. In the first 
place, if you wish to see the complete 
image of yourself in a plain mirror, 
or looking-glass, it must be half as 
long as you are high. 

James. I should have imagined 
tiie glass must have been as long as I 
am high. 

Tutor. In looking at your image 
in the glass, does it not seem to be as 
far behind the glass, as you stand be- 
forit? 

James. Yes: and, if I move for- 
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waids or backwards, the image be- 
hind the glass seems to approadi or 
recede. 

Tutor. Let ab he Vke looking- 




glass, and A the spectator, standii^ 
cfpbHtte to it; The ray from his 
eye will be reflected in the same line 
A a, but the ray c 6 flowing &om 
his foot, in t)rder to be seen at the ejre, 
must be reflected by the line 6 a. 

Charles. So it will; for, if ^i be 
a line perpendicular to the glass^ the 
incident angle will be cbr, equd to 
the reflected angle Aba;. 

Tutor. And therefiM the Aiot Will 
appear behind the glass at D along 
the line A 6 IV beniiie ttait is the line 
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im whidi the ray last approaches the 
eye. • 

James. Is that part of the glass 
a b iDteroe|»ted by the lines a b and 
A D, equal exactly to half the length 
BD^ or AC? 

Tutor. 1th: A ab and A B D may 
be supfX)sed to form two triangles, the 
sides of which always bear a fixed 
proportion to one another ; and, if 
A B is double of a a, as in this case 
it is,, B D will be double of a b, or at 
least of that part of the glass inter- 
cepted by A B and a d. 

Charles. This will hold true, I 
see, 9taud at what distance we please 
from the glass. 

Tutor. If you walk towards a 
looking-glass, your image will ap- 
proach, but with a double velocity, 
because the two motions are equal 
and coatrary. But if, whilf you 
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stand before a looking-glass, your 
brother walk up to you fronok behind, 
his image will appear to you to move 
at the same rate as he walks^ but to 
him the velocity of the image will 
appear to be double; for with re- 
gard to you, there will be but one 
motion, but with regard to him, 
there will be two equal and contrary 
ones. 

James. If I look at the reflection 
of a candle in a looking-glass, I see 
in fact two images, one much fainter 
than the other : what is the reason of 
this? 

Tutor. The same may be observed 
of any object that is strongly illumi- 
nated^ and the reason of the double 
image is, that a part of the rays are 
immediately reflected from the upper 
surface of the glass, which form, the 
faint image^ while the greater part of 
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them are reflected from the farther 
surface, or silvering part, and form 
the vivid image. To see these two 
images you must stand a little side- 
ways, and not directly before the glass. 

Charles. What is meant by the 
expression of ^' An image being formed 
behind a riefector ? *' 

TutoTn It is intended to denote 
that the reflec|;ed rays come to the 
eye with the same inclination as if 
the object itself were actually behind 
the reflector. If you, standing on 
one side of the room, see the image 
of your brother, who is on the other 
side, in the looking-glass, the image 
seems to be formed behind the glass ; 
that is, the rays come to your eye 
precisely in the same way as they 
would if your brother himself stood 
in that place iVithout the intervention 
of a g^ass^ X^^^'-Ti^- 
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James. But the image in the glass 
is not so bright or vivid as the object. 

Tutor. A plain mirror is in theory 
supposed to reflect all the light which 
falls upon it, but in practice nearly 
half the light is lost on account of the 
inaccuracy of the polish, &c. 

Charles. Has it not been said, 
that Archimedes, at the siege of Sy- 
racuse, burned the ships of Marcellus, 
by a machine composed of mirrors ? 

Tutor. Yes : but we have no cer- 
tain accounts that may be implicitly 
relied on. M. Buffon, about fifty or 
sixty years ago, burned a plank at the 
distance of. seventy feet, with forty 
plain mirrors. 

James. I do not see how they can 
act as burning glasses. 

Tutor. A plain mirrpr reflects the 
light and heat coming from the sun, 
and will illuminate and heat an^ sub*. 
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stance on which they are thrown, in 
the same manner as if the sun shone 
upon it. Two mirrors will reflect on 
it a double quantity of heat ; and^ if 
40 or 100 mirrors could be so placed 
as to reflect from each the heat com- 
ing from the sun, on any particular 
substance, they would increase the 
heat 40 or 100 times. In some such 
way as this, probably, Archimedes' 
mirrors were disposed. It is gene« 
rally imagined that they were placed 
so as to fall in the interior surface 
of a paraboloid ; but M. Peyrard, in 
his edition of the works of Archi- 
medes, proves that this could not 
well be the case. At some future 
time, when you are rather more con* 
versant with the French language 
than you now are, you may read M* 
Peyrard's speculations on this subject 
with advantage* 
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CONVERSATION XL 



Of Conca'oe Mirrors — Their Uses — 
How they act. 

JiMSs* To what uses are concave 
mirrors applied ? 

Tutor. They are chiefly used in 
reflecting telescopes ; that is, in tele- 
scopes adapted to viewing the hea« 
venly bodies. And, as you like to 
look at Jupiter's little moons and 
Saturn's ring through my telescope, 
it may be worth your while to take 
some pains to know by what means 
this pleasure is afforded you. 

Charles. I shall not object to any 
attention necessary to CQpaprehend ti^ 
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principles on which these instruments 
are formed. 

Tutor. AB represents a concave 
miiTor, and a by c (/, 
c/, three parallel rays 
of light falling upon 
it. c is the centre of 
concavity ; that is, one 
leg of your compasses being placed 
on c, and then opening them to the 
length c df the other leg will touch 
the mirror a b in all its parts. 

James. Then all the lines drawa 
from c to the glass will be equal to 
Dne another, as c J, c d, and cf? 

Tutor. They will: and there is 
another property belonging to them ; 
they are all perpendicular to the glass 
in the parts where they touch. 

Charles. That is, c b and c/are 
perpendicular to the glass at b and yj 
as well as c ^ at d. 
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Tutor. Yes, they are &— ^ lif ia an 

incident ray, but, as it passes through 
the centre of concavity, it will be re- 
flected back in the same line ; that is^ 
as it makes no angle of incidence, so 
there will be no angle of reflection : 
tf 6 is an incident ray, and I want to 
know what will be the direction of 
the reflected ray ? 

Charles. Since c i is perpendi* 
ctilar to the glass at b, the angle of 
incidence is a bci and, as the angle 
of reflection is always equal to the 
angle of incidence, I must take an- 
other angle, as cbm, equal to a b c,* 
and then the line bm is that in which 

* To make an angle cbm, equal to another giyen 
one> as a & c. From by as a centre with any radius 
bx, describe the arc xo, which will cut c6in x: 
take the distance jr;ar in your compasses, and set off 
with it MO, and then draw the line 60 m, and the 
sngle'm dck equal to t\\Q «e^^ a>> t. 
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« 

tiie incident ray will move after re« 
flection. 

Tutor^ Can you^ James, tell me 
how to find the line in which the 
incident ray ef will move after reflect 
tion ? 

James. Yes : I will make the angle 
c/m equal to cfe, and the line/m 
will be that in which the refliected ray 
will move; and I perceive that ejF 
is reflected to the same point m as 
a h was. 

Tutor. If^ instead of two incident 
rays, any number were drawn paraU 
lei to c dy they would every one be 
reflected to the same point m, pro* 
vided the distance bf is not to^ 
large ; and that point which is called 
the focus of parallel rays is distant 
from the mirror equal to half the 
radius cd. ^ 

Jame$. Then we may easily fin^^ 
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the point without the troubl 
drawing the angles, merely by d 
ing the radius of concavity into 
equal parts. 

Tutor. You may. The rayi 
we have already observed, which 
ceed from any point of a cele 
object, may be esteemed parallc 
the earth, and therefore the imaj 
that point will be formed at m. 

Charles. Do you mean, that al 
rays flowing from a point of a 
and falling upon such a mirror^ 
be reflected to the point m, where 
image of the star will appear ? 

Tutor. I do, if there be any tl 
at the point m to receive the image 

James. Will not the same rule ! 
with regard to terrestrial objects ? 

Tutor. No: for the rays, w! 

proceed from any terrestrial ob 

powever remote* caiuvot be esteei 
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strictly parallel ; they therefore come 
dvtkrgingi and will not be converged 
to a single point, at the distance of 
half the radius of the mirror's con-* 
cavity from the reflecting surface, 
but in separate points, at a little 
greater distance from the mirror than 
half the radius. 

Charles. Can you explain this by 
a figure? 

Tutor. I will endeavour to do so. 
Let A B be a 
concave mir- 
ror, and M £ 
any remote 
object from 
every part of 
which rays will proceed to every 
point of the mirror ; that is, from the 
point M rays will flow to every point 
of the mirror, and so they will from 
E, and from every pwnt between the$6 

YOL. T. \m 
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extremities. Ijet us see where the 
rays that proceed from uto a^c, and 
B, will be reflected^ or^ in other words» 
where the image of the point M wiU 
be formed. 

James. Will all the rays that pro* 
ceed from m to different parts of the 
glass be reflected to a siqgle point ? 

Tutor. Yes, they will, and the 
difficulty is to find that point : I will 
take only three rays, to prevent con- 
fusion, viz. M A, M c, M B ; 0nd c is 
the centre of concavity of the glass. 

Charles. Then, if I draw Q A, that 
line will be perpendicular to the glass 
at tltf point A : the angle M AC, is now 
given, and it is the angle of inddenoe* 

J^mes. And you must make an^- 
other equal to it as you did before. 

Tutor P V^ry yell : make c A «r, 
iMpipl t0 K A Cy and ^^esoA th^ lioe 
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Now y6u hiv^ an Angle mcc made 
with the ray M c, and the perpendi- 
cular B c, which is another angle of 
incidence. 

Charles. 1 will make the angle 
of reflection ccis equal to it^ and the 
Hne cz being produced cuts the line 
A ^ in a particular point, which I will 
call m. 

Tutor* Draw now the perpendi- 
cular c B, and you have, with it and 
: \he ray M b, the angle of incidence 
MBC: make another angle equal to 
it, as its angle of reflection. 

James. There it is, CBu, and I 
find the line B u meets the other lines 
at the point m. 

Tutor. Then m is the point in 

which all the reflected rays of M will 

. converge ; of course, the image of the 

extremity M of the arrow e m will be 

formed at m. Now the same might 

La - 
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be shown of every other part of the 
object M £, the image of which will 
be represented by e m, which you see 
is at a greater distance from the 
glass than half c c, or radius. 

Charles. The image is inverted 
also, and less than the object; and 
this, I conclude, will always be the 
case in similar circumstances. 
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CONVERSATION XII. 



Of Concave Mirrors, and Experi* 
ments on them. 

Tutor. If you understand what 
we conversed on yesterday, and what 
you have yourselves done, you will 
easily see how the image is formed 
by the large concave mirror of the 
reflecting telescope, when we come to 
examine the construction of that in- 
strument. In a concave mirror, the 
image is less than the object, when 
the object is mDre remote from the 
mirror than c, the centre of con- 
cavity ; and, in that case, the imago 
ip between the object and mirror^ 

1.3 
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James. Suppose the object be 
placed in the centre c ? 

Tutor. Then the image and ob- 
ject will coincide : and, if the object 
is placed nearer to the glass than the 
centre c, then the - image will be 
more remote, and bigger than the 
object* 

Charles. I should like to see this 
illustrated by an experiment. 

Tutor. Well, here is a large con- 
cave mirror : place yourself before it, 
beyond the centre of the concavity ; 
and, with a little care in adjusting 
your position, you will see an inverted 
image of yourself in the air between 
you and the mirror, and of a less 
size than you are. When you see 
the image, extend your hand gently 
towards the glass, and the hand of 
the image will advance to meet it, 
till they both meet in the centre of 
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the glasses concavity^ If you carry 
your hand still farther^ the band of 
the image will pass by it, and come 
between it and the body ; now move 
your hand to either side, and the 
image of it will move towards the 
other. 

James. Is there any rule for find- 
ing the distance at which the image 
of an object is formed from the mir- 
ror? 

Tutor. If you know the radius of 
the mirror's concavity, and also the 
distance of the object from the glass, 

^* Multiply the distance and radius 
together, and divide the product by 
double the distance less by the radius, 
and the quorient is the distance re-« 
quired.** 

Tell me at what distance the image 
of an object will be, suppose the ra« 
diu3 of the concavity of the mirror 
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be ll2 inches, and the object b€ it 18 
inches from it, 

James. I multiply 18 by 12, which 
give 216; this I divide by double 
18, ot 36, less by 12, that is 24 ; but 
216 divided by 24 gives 9, which is 
the number of inches required. 

Tutor. You may vary this ex- 
ample, in order to impress the rule on 
your memory ; and I win show you 
another experiment. I take this bot- 
tle, partly full of water, and corked, 
and place it opposite the concave 
mirror, and beyond the focus, that it 
may appear to be reversed : now 
stand a little farther distant thai)i the 
bottle, and you will see the bottle 
inverted in the air, and the . water, 
which is in the lower part of the 
bottle, will appear to be in the upper. 
I will invert the bottle, and uncork 
it/ and, whilst the water is running 
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puts the image will appear to be fill* 
ing, but when the bottle is empty^ 
the illusion is at an end. 

Charles. Concave mirrors are, I 
believe, sometimes used as burning* 
glasses. 

Tutor^ Since, as we have seen, it 
is the property of these mirrors to 
pause parallel rays to converge to a 
focus, and since the rays of the sua 
are considered as parallel, they are 
fery useful as burning-glasses, and 
Uie principal focus is the burning 
point. 

James. Is the image formed by a 
concave mirror always before it ? 

Tutor. In all cases, except when 
the object is nearer to the mirror than 
the principal focus. 

Charles. Is th^ image then behind 
the mirror ? 

Tutor^ It is ; and farther behind 




the itiiiror than the object hi tiefere 

it Let AC b^ a 

mirror, and :r!s the 

dbject between the 

centre K of the glass 

and the glass itself ; and the image 

ty z trill be behind the glass, erect, 

curved, and magnified, and, of course, 

the image is farther behind the glass 

than the object is before it. 

James. What would be the effect. 
If, instead of an opaque object a' z, a 
luminous one, as a candle, were placed 
in the focus of a concave mirror } 

Tutor. It would strongly illumi- 
nate a space of the same (dimension as 
the mirror to a great distance ; and 
if the candle were still nearer the 
mirror than the focus, its rays will 
enlighten a larger space. Hence Jrou 
may understand the consttnctlon of 

many of the lamps whicb are now to 
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be seen in many parts of London, 
and which are undoubtedly a great 
improvement in lighting the streets. 
Similar principles are often employed 
in the construction of reflectors for 
light-houses. 
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CONVERSATION XIII. 



Of Concave and Convex Mirron. 

Tutor. We shall devote another 
morning or two to the subject of re- 
flection from mirrors of different kinds. 

Charles. You have not said any 
thing about convex mirrors, and yet 
they are now very much in fashion in 
handsome drawing-rooms : I have 
seen several, and always observed that 
the image was very much less than 
the object. 

Tutor. A convex mirror is an oraa- 
mental piece of furniture, especially 
if it can be placed before a window^ 
either with a good prospect, or where 
there are a number of persons passinjp 



07 CONVEX MIRRORS. l2l 

hnd repassing in their different . em- 
ployments. The images reflected 
from these are smaller than the ob- 
jects^ erect, and behind the surface; 
therefore a landscape or a busy scene 
delineated on one of them, is ulwajs 
a beautiful object to the eye. For 
the same reason, a glass of this kind, 
in a room in which large assemblies 
meet, forms an extremely interesting 
picture. You may easily conceive 
how the convex mirror diminishes 
objects, or the images of objects, by 
considering in what manner they are 
magnified by the concave mirror. If 
a^.yz, in the last diagram, were an 
object before a convex mirror a c, the 
image by reflection would be .vz. 

James. Would it not appear curved? 

Tutor. Certainly r for if the object 
be a right line, or a plain surface, its 
image must be curved, because the 

VOL. V. M 



different points of the object are not 
equallf distant from the reflector* 
In fact, the images formed bj convex 
inirrors, if accurately compared with 
the objects, are never exactly of the 
same shape. 

Charles. I do not quite compre- 
hend in what manner reflection takes 
place at a convex mirror. 

Tutor. I will endeavour by a 
figure, to make 
it plain: CD 
represents a 
convex mirror 
standing at the 
end of the room, before which the 
acrow iv B is placed on one side, or 
obliquely : where must the spectator 
fltand to see the reflected image ? 

Cbarks* On the other side of the 
nx)ni« 

3)iUar0 T|ie /ejie x will xepresen^ 
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that situation: — ^the rays frotn ihA 
external part^ of the arrow, a and % 
flow convergingly along a a and B 6^ 
and, if no glass were in the way, thejr 
would meet at i*; but the glass re- 
fleets the ray a a along a E, add th6 
ray b b along b £ ; and, as we always 
transfer the image of an object in that 
directbn in which the rays approach 
the eye, we see the image of a along 
the line £ a behind the glass, and the 
image of b along £ b, and, of eourse, 
the image of thcwhole arrow is at s. 

By means of a similar diagram, t 
will show you more clearly the prin- 
ciple of the concave miitor. Suppose 




an object c to be beyond the focus f, 

m2 
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and the spectator to stand at z^ the 
cays c b and c d are reflected, and 
where they meet in £« the spectator 
will see the image. 

James. That is between himself and 
the object. 

Tutor. He must, however, be far 
enough from it to receive the rays 
irfter they have diverged from E, be- 
cause every enlightened point of an 
object becomes visible only by means 
of a cone of diverging rays from it, 
and we cease to see it if the rays be- 
iX)me parallel or converging. 

Charles. Is the image inverted ? 

Tutor. Certainly, because the rays 
have crossed before they reach the eye. 

You may see this subject in an- 
other point of view : let xjf be a con- 
cave mirror, and o the centre of con- 
cavity : divide o a equally in F, and 
take the half, the third* and the fourth^ 
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&;c. Df t* o, and matk the^ divisions 
4^9 75 T9 &c. Let A d be extended, 
and patts be taken in it equal to F &, 
at 2, 3, 4, &c. Now, if any of the 
points 1, % 3, 4, &CC. be the focus of 
incident rays, the correspondent point 
1, ^, 4., 4., &c. in O F will be the focus 
of the reflected rayS, and vice versa. 

James. Do you mean by that, if 
incident rays be at -t, or 4-j or 4-* the 
reflected uays will be at 2, 3, 4 ? 

Tutor. I do : place a candle at 2, 
bM an inverted itai^g^ will be seen 
at ^ : now place it at 4, and it will 
also move back to 4.: these imaged 
may be taken on pape)* held in thos9 
respective places. 

MS 
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Charles. I see the farther you pro- 
ceed one way with the candle^ the 
nearer its inverted image comes to 
the point F. 

Tutor. True: and it never gets 
beyond itj, for that is the focus of 
parallel rays after reflection, or of 
rays that come from an infinite dis- 
tance. 

James. Suppose the candle were 
at o? 

Tutor* Then the object and image 
will coincide : and, as the image of 
an object between f and a concave 
speculum is on the other side of the 
speculum, this experiment of the 
candle and paper cannot be made. 

I will now just mention an expqj- 
ment that we may hereafter make: 
at one end of an oblong box, about 
two feet long, and fifteen inches widcji^ 
is to be placed a concave mirror; 
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near the upper part of the opposite 
end a hole is made, and about the 
middle of the box is placed a hollow 
frame of pasteboard that confines the 
view of the mirror.^ The top of the 
1)ox» next the end in which the hole 
is made, is covered with a glass, but 
theothejr half is darkened. Under 
the hole are placed, in succession^ 
different pictures, properly painted^ 
which are thrown into perspective bj 
the mirror, and produce a beautiful 
appearance. 



CONVERSATION XIV. 

Of Comex ReJiection^Of Optical 

Delusions — 0/ Anamorphoses. 

Charles. You caDnot» I wee, 

make the same experiment with the 

candle and a convex mirror, that you 

made yesterday with the concave one. 

Tutor. Certainly not, because the 

image is formed behind the ^^ass; 

but it may, perhaps, be worth our 

while to consider how the effect is 

produced in a mirror of this kind. 



^ 



Let a b represent a convex mirror, and 
Af be half the radius of convexity, an4 
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take A F, F o, o B, &c. each equal Af. 
If incident rays flow from 2, the re- 
flected rajs will appear to come from 
behind the glass at ^. 

James. Do you mean^ if a candle 
be placed at 2, the image of it will 
appear to be formed at \ behind the 
glass? 

Tutor. I do: and if that, or any 
other object, be carried to 3, 4, &c. 
the image will also go backward to 

Charles. Then, as a person walks 
towards a convex spherical reflector, 
the image appears to walk towards 
him, constantly increasing in magni- 
tude, till they touch each other at the 
surface. 

Tutor. You will observe that the 
image, however distant the object, is 
never farther off than at /; that is, 
the imaginary focus of parallel rays. 
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James. The difference then lietWeen 
convex And concave reflections is, that 
the point / in the former is behind 
the glass» and in the latter it is before 
the glass, as f. 

Tutor. Jdst so : from the property 
of diminishing objects, spherical re- 
flectors are not only pleasing orna- 
ments for our best rooins, but are 
much used by all lovets of picturesque 
scetiery. •« Small convex reflectors/' 
says Dr. Gregory, " are made fot the 
tise of travellers, who, when fatigued 
by stretching the eye to Alps tower- 
ing on Alps, can, by their mirror, 
bring these sublime objects into a nar- 
row cotapass, and gratify the sight by 
pictures which the art of man in vain 
attempts to imitate.*^ * 

Concave mirrors have been used for 

. * See Bcoogmy df Natar»| Vob X. p. M, seconct 
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many other and different purposes; 
for, bj them, with a little ingenuity, a 
thousand illusions may be practised on 
the Ignorant and credulous. 

CharUi. I remember going with 
you to see an exhibition in Bond 
Street, which you said depended on 
a concave mirror: I was desired to 
look into a glass ; I did so^ and start* 
ed back, for I thought the point of ^ 
dagger would hare been in my face. 
I looked again, and a death's head 
snapped at me: and then I saw a 
most beautiful nosegay, which I 
wished to grasp^ but it vanished in 
an instant. 

Tutor. I will explain how these 
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concave mirror 10 or 12 inches iil 
diameter, placed in one room; ab 
the wainscot that separates the spec- 
tator from it ; but in this there is a 
square or circular opening which faces 
the mirror exactly. A nosegay, for 
instance, is inverted at c« which must 
be strongly illuminated by means of 
an Argand's lamp ; but no direct light 
from the lamp is to fall on the mirror. 
Now a person standing at G will see 
an image of the nosegay at D. 

James. What is to make it vanish } 
Tutor. In exhibitions of this kind 
there is always a person behind the 
wainscot in league with the man that 
attends the spectator, who removes 
the real nosegay upon some hint un-- 
derstood between them. 

Charles. Was it then upon the 
man behind the Scene that the ap- 
proaching sword, and the advancing 
death^s head, &;c. deijeuded? 
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Tutor. It was : and persons have 
undertaken to exhibit the ghosts of 
the dead by contrivances of this kind : 
for if a drawing of the deceased be 
placed instead of the nosegay, it may 
be done. But such exhibitions are 
not to be recommended^ and indeed 
ought never to be practised, without 
explaining the whole process to the 
astonished spectator afterwards. 

K a large concave mirror be placed 
before a blazing fire, so as to reflect 
the image of the fire on the flap of a 
bright mahogany table, a spectator 
suddenly introduced into the room 
will suppose the fire to be on the table; 

If two large concave mirrors, a 
and B, be A 

placed op- 
posite^ each 
other,, at the distance of several feet^ 
and led-hot charcoal be put in the 
VOL. V. N 
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fi)ais D^ And wme gvopovder te Ihe 
^her focus o, it will preseiitlj tflk» 
fire. The use <tf a paic <)f bellovrs 
amy be necessary to Wfdcn^ the chtr* 
coal bum strongly* 

This experiment may be vaiied by 
placing M thermometer in <me focus 
aod lighted diarcoal tn the other, 
and it will be seen that the quick* 
silver ia 4j|ie titermometer wiU rise as 
the fire ja^reases, though finodier 
thermometer^ at the aame distaaoe 
from the fire^ but not in the Ibois of 
the glass, will not be a£Saeted by it* 

James. I have seen concave glasses, 
in which my &ce has been renda»d 
as long as my arm* or as broad as my 
body : how are these made ? 

Tutor. These images are caHad 
anamorphoses, and me pradoceil finoai 
i^fUndrkiU ciwcam nirBon ; ;aiid, bm 
the fiiiiMr ia plaosd eltfaar mfrigit 
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or m its side, the image at the pic- 
tare is distorted into a verylotigor 
very broad linage. 

In the cloister of Miniiiis, at Paris, 
there are two anamorphoses traced 
upon two of the sides of the cloister, 
one representing a Madalen, and the 
other St. John writing his gospel. 
These, when viewed directly, seem 
like a kind of landscape, but, from 
a particular point of sight, they 
appear very distinctly like human 
figures. 

Reflecting surfaces may be made 
of various shapes, and, if a regular 
figure be placed before an irregular 
reflector, the image will be deformed ; 
but, if an object, as a picture, be 
painted deformed, according to cer^ 
tain rules, the image will appear 
regular. Such figures and reflectors 
are sold by opticians, and they serve 

N2i 
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to astonish those who are ignorant of 
these subjects: but you will readily 
comprehend their nature from what 
has just been remarked. 
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CONVERSATION XV. 



Of the dij^efent Parts of the Eye. 

pBARLSS. Will you now describe 
the nature and eonstruction of tfa6 
telescope ? 

Tutor. I think it VnH be better 
first to explain the sereral parts of the 
eye, and the nature of vision in the 
sitlipte state, before Wfe treat of those 
instruments Which are designed to 
oAfAtt it. 

Jameit. I once saw a bullock's eye 
dissected, and was told that it was 
tinalogous to the human eye in its 
several parts. 

Tutor. The ej^, when taken from 




the socket, is of a 
globular form, and 
it is composed of 
three coats or 
skins, and three 
other substances 
called humours. 
The first figure 
represents the } 
section of an eye, 
' that is, an eye cut 
down the middle ; and the second the 
front view of an eye as it appears in 
the head. 

Charles. Have the coats and bu> 
mours of different names ? 

Tutor. Yes : the external coat, 
which is represented by the outer 
circle A B c D E, is called the scle- 
rotica ; the fi'ODt part of this, oamel/ 
COTD, is perfectly transparent, and 
is called the cornea ; beyond ^m, 
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towards B and £^ it is white, and 
called the white of the eye. The 
next coat, which is represented by the 
second circle^ is called the choroides. 

James* This circle does not go all 
round. 

Tutor. No : the vacant space a b 
is that which we call the pupil, and 
through this alone the light is allowed 
to enter the eye. 

Charles. What do you call that 
part which is of a beautiful blue in 
some persons, and in others brown or 
almost black ? 

Tutor. That^ as a c, & j, is part of 
the choroides f and is called the iris.\i 
Charles. The iris is sometimes 
much larger than it is at another. 

Tutor. It is composed of a sort 
of net-work, which contracts or ex- 
pands, according to the force of the 
light in which it^ is placed. Let 
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James stand in A datk totniv iOJt tWtf 
dr three minutes : — noW look at liid 
ejres. 

Charles. The iris of each is 'viitf 
small, and the pupil large* 

Tutor. Now let him look steadiljr, 
tather dose to the candle. 

Charles. The iris is considerably 
enlarged, and the pupil of the eye is 
but a small point in comi^risoh ot 
what it was before. 

Tutor. Did yoU never ffeel utieasyi 
after sitting some time in the dark, 
when candles were suddenly brought 
into the room ? 

James. Yes: I remeiilber, last 
Friday evening, we had been sitting 
half an hour almost in the dark, at 
Mr. W — — 's, and, when candles 
were introduced, every one erf th^ 
company cdtnplaiiied of the pain which 
the sudden light occasiotied. 
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Tutor. By sitting so long in the 
dark, the iris was contracted very 
much; of course, the pupil being 
large, more light was admitted than 
it could well bear, and, therefore, 
till time was allowed for the iris 
to adjust itself, the uneasiness would 
be felt. 

Charles., "^hat do you call the 
third coat, which, from the figure, 
appears to be still less than the cho« 
roides ? 

Tutor. It is called the retina^ or 
net-work, which serves to receive the 
images of objects produced by the 
re&action of the different humours of 
the eye, and painted, as it were, on 
the surface. 

Charles. Are the humours of the 
eye intended for refracting the rays 
of light, in the same manner as glasa 
lenses ? 
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7\itor. They dte; Md fhey are 
called the vitreoUs, the crystaUirte^ 
atid the aqueous htimours. Th( 
vitreous humour fills tip all the spoM 
xXy at the back of th^ eye? ft J* 
nearly of the substation of Melted 
glass. The crystalline te tepreseiited 
by dff in the shape of a double dotf- 
vex lens : and the aqueous, ot Watery 
humour, fills up all that part of th6 
eye between the crystalline htimouf 
and the corner c .r D. 

James. What doefs the part A at 
the back of the eye represent ? 

Tutor. It is the optic nerve, trfaidi 
serves to convey to th6 braid the sem 
sations produced on the retina. 

Charles. Does the retina eltettd 
to the brain ? 

Tutor. It does : and We shall, Whdji 
we meet neit, etideaVour to explaitt 
the office of these humours in efi&et* 
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i9g yisipp. In ^e mean time I 
would request you to consider again 
what I bavHe told you pf the different 
parts of the eye; and eicamine, at 
tjte uame Ume> the two last figures. 

Javm. We wiU; bi^t you have 
wid ^aothing about the uses of th^ 
i^e-hpows and eye-lashes. 

T$itQr. X intended to have reserved 
this to another cqiportunity : but I 
may now say, that the eye-brows 
defend the eye from too strong a 
light ; and they preserve the eyes from 
injuries by the sliding of substances 
down the forehead into them. 

The eye-lids act like curtains to 
cover the eyes during sleep ; to pro- 
tect them from accidental violence; 
to exclude the light when most of- 
fensive; and, when we are awake^ 
they diffuse a fluid over the eye, 
which keeps it dean, and well 
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adapted for transmitting the rays of 
Ught. 

The eye-lashes, in a thousand in- 
stancesy guard the eye from danger, 
and protect it from floating dust, 
with which the atmosphere abounds. 
So mercifully does the Author of 
Nature provide against injury to this 
delicate organ, even by means of its 
ornamental appendages. 



• , . * 
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CONVERSATION XVL 



Of the Eye, and the Manner of 

Vision. 

Charles. I do not understand 
what you meant, when you said, the 
optic nerve served to convey to the 
brain the sensations produced on the 
retina. 

Tutor. Nor do I pretend to tell 
you in what manner the image of any 
object painted on the retina of the 
eye is calculated to convey to the 
mind an idea of that object: but I 
wish to show y ou, that the images of 
the various objects which you see 
are painted on the retina. Here isi 
a bullock's eye, from the back part 

V0L. V. o 
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of which I cut away the three coats, 
but so as to leave the vitreous hu< 
jnour perfect ; I wiU now put against 
the vitreous humour a piece of white 
paper, and hold the eye towards the 

^ window : what do you see ? 

James. The figure of the window 
is drawn upon the paper; but it is 
invarted. 

Tutor. Open the window^ and you 
will see the trees in the garden drawn 
upon it in the same inverted state, 
or any other bright object that is 
presented to it. 

Charles. Does the paper in this 

' instance represent the innermost coat 
called the retina ? 

Tutor. It does ; and I have made 
use of paper, because it is easily 
tseen through, whereas the retina is 

. opaque ; transparency would be of 

.no advantage to it The retina^ by 
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means of the optic nerve, is extended 
to the brainj or, in other words, the 
optic nerve is an extension of th9 
retina. 

James. And does it, as one may 
say, carry to the brain the news of 
every object that is painted on the 
retina ? 

Tutor. So it should seem ; for we 
have an idea of whatever is drawn 
upon it. I direct my eyes to you, and 
the image of your person is painted 
on the retina of my eye, and I say I 
see you. So of any thing else. 
, Charles. You said the rays of 
light proceeding from external objects 
were refracted in passing through the 
different humours of the eye. 

Tutor. They are, and converged 
to a point, or there would be no dis-« 
tinct picture drawn on the retina, and^ 
of course, no distinct idea conveyed' 

% 
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to the mind. I will sboir you what 
I mean, by a figure, taking an arrow 
again as an illustration. 

As every point of an object a B c 




sends out rays in all directions, some 
rkys from each point on the side next 
the eye will fall upon the cornea 
between x and y, and, by passing 
through the humours of the eye, 
they will be converged, and brought 
to as many points on the retina, and 
will form on it a distinct inverted pic* 
ture, cba, of the object. 

James. ' l^is is done in the same 
manner as you showed us by means 
■of a double convex lens. 
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Tutw. All three of the faiitaaiMt 
hare some effect in refracting the tzjH 
of light, but the crystallifie is thd 
most potfrerful, and that is a com* 
plete double convex lens : and yott 
See the rays from A are brought to 
a point at a ; those from :l^ will be 
conrerged at b, and those from C 
at c ; and, of course, the intermediate 
ones between a and b, b and c, will 
be formed between a and 5, and b 
and C. Hence the object becomes 
visible by means of the image of it 
being drawn on the retina. 

Charles. Since the image isl id- 
verted on the retina, how is it that 
we see things in the proper position ? 

Tutor. This is a proper question, 
but one that is not very readily an- 
swered. It is well known that the 
sense of touch or feeling very much 
assists the sense of sight ; some |jaint-^ 

03 
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ings are so exquisitely finished and 
so much resemble sculpture, that the 
eye is completely deceived ; we then 
naturally extend the hand to aid the 
sense of seeing. Children, who have 
to learn the use of all their senses, 
make use of their hands in every 
thing ; they see nothing which they 
do not wish to handle; and there- 
fore, it is not improbable, that, by 
the sense of the touch, they learn, 
unawares, to rectify that of seeing. 
The image of a chair, or table, or 
other object, is painted in an inverted 
position on the retina ; they feel and 
handle it, and find it erect ; the same 
result perpetually recurs, so that, at 
length, long before they can reason 
on the subject, or even describe their 
feeling, by speech, the inverted image 
gives them an idea of an erect object. 
Charles. I can easily conceive (t^it 
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this would be the case with common 
objects, such as are seen every day 
and hour. But will there be no dif- 
ficulty in supposing that the same 
must happen with regard to any thing 
which I had never seen before? I 
never saw ships sailing on the sea till 
within this month ; but when I first 
saw them, they did not appear to me 
in an inverted position. 

' Tutor. But you have seen water 
and land before, and they appear to 
you, by habit and experience, to be 
lowermost, though they are painted 
on the eye in a different position: 
and the bottom of the ship is next 
the water, and, consequently, as you 
refer the water to the bottom, so you 
must the hull of the ship, which is 
connected with it. In the same 
manner all the parts of a distant 
prospect have a natural arrangement 
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with respeet to ea^h otber ; nnd, 
therefore^ though there may be a 
hundred objects in th^ landscape en*- 
tirely new to you, yet^ as they all 
bear a relation to one another, and 
to the earth in which they are, you 
refer them^ by experience, to fin erect 
position. 

' James. How is it that, in so small 
a space as the retina of the eye, the 
images of so many objects can be 
formed ? 

Tutor. Dr. Paley * teUs us, »* The 
prospect from HAmpstead Hill is 
compressed into the compass of a six* 
pence, yet circumstantially repre* 
sented. A stage coach approaching 
you, at its ordinary rate, for half an 
hour, passes in the eye, only over 

* See Paley*ft Natural Theology^ page 35, 7tK 
edition, or page 13 in the Analysis of that work 
hy the AtUhof oftMse Dialogues^ 
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the twelfth part of an inch, yet the 
change of place is distinctly perceived 
throughout its whole progress." Now 
what he asserts we all know is true : 
go to the window, and look steadily 
at the prospect before you, and see 
how many objects you can discern 
without moving your eye. 

James. I can see a great number 
very distinctly indeed ; besides which 
I can discern others, on both sides, 
which are not clearly defined. 

Charles. I have another difficulty ; 
we have two eyes, on both of which 
the images of objects are painted ; how 
is it that we do not see every object 
double ? 

Tutor. When an object is seen 
distinctly with both eyes, the axes 
of them are directed to it, and the 
object appears single; for the optic 
nerves are so framed, that the cor- 
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respondent parts in both eyes lead 
to the same place in the brain, and 
excite but one sensation. But^ if 
the axes of both eyes are .not di*- 
rected to the oligect^ that object seems 
double* 

Jamcs^ How does that appear ? 

Tutor. Look at your brother^ while 
I push your right eye out of its place 
towards the left. 

James. I see two brothers^ the 
one receding to the left hand of the 
other. 

Tutor* The reason is this: by 
pushing the eye out of its natural 
place, the pictures in the two eyes do 
not fall upon correspondent parts of 
the retina, and therefore the sensa- 
tions from each eye are excited in 
different parts of the brain« When 
any point of an object is seen dis-^ 
tinctly with both eyes, the axes of 
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both are directed to that point, and 
meet there, and then the object ap* 
pears single, though looked at with 
both eyes. 

Seeing with both eyes at once 
enables us to judge more accurately 
of distances, than we could possibly 
if we saw with only one. The same 
may be observed with respect to posi- 
tion. Shut one eye, and then try to 
snuff a candle; it is probable you will 
make several efforts before you will 
succeed. 
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CONVERSATION XVIL 



Of spectacles, and of their Uses. 

Charles. Why do people wear 
spectacles ? 

Tutor. To assist the sight, which 
may be defectire from various causes. 
Some eyes are too flat/ others are too 
convex : in some the humours lose a 
part of their transparency, and on 
that account, much light that enters 
the eye is stopt and lost in the pas- 
sage, and every object appears dim. 
Without light, the eye would be a 
useless machine. Spectacles are in- 
tended to collect the light, or to 
bring it to a proper degree of con- 
vergency* 
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^biirles. Are q>ectaele-gla8ses al- 
ways convex ? 

Tutor. No ": they are convex when 
the eyes are too flat; but, if the eyes 
are alceady very convex, then con- 
cave glasses are used. You know the 
properties of a convex glass ? 

Jamet' Yes ; it is to make the rays 
of light converge sooner than they 
would without. 

Tutor. Suppose, then, a person is 
unable to see objects distinctly, owing 
to the cornea c D, or to the crystalline 




huniour3,or botbfbdngtooflat. The 
focus of raysproceedingfrom any object, 
St will not be on the retina, where It 
ought to be, but at x beyond it. 
VOL V. P 
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Charles. Viow caA it be beyond 
the eye ? 

Tutor. It would be beyond it, if 
there were any thing to receive it ; as 
it is^ the rays flowing from ^ will not 
unite at d^ so as to render vision dis- 
tinct. To remedy this^ a conveK g;lass 
mnis placed between the object and 
the eye, by means of which the ray« 
are brought to a focus sooner^ and 
the image is formed at d. 

James. Now I see the reason why 
people are obliged, ^sometimes, to 
make trial of many pairs <tf spectacles 
before they get those that will suit 
l^biem. They pannot teU exactly what 
degree of convexity is iiecessary to 
bring the focus just to the retina. 

Tutor. That is right; for the 
shape of the eye may vary as much 
as that of their coupteqance; of 
course, a pair of spectacles that mi^hl 
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mit you, vould not be adapted to 
another, whose eyes should require a 
similar aid.— -What is the property of 
concare glasses ? 

Charles. They cause the rays of 
light to diverge. 

Tutor. Then, for very round and 
Iflobular eyes, these will be useful, 
because, if the cornea c n, or crystal- 




line b, be too convex, the rays flow- 
ing from X will u^ite into a focus 
before they arrive at the retina, aa 
at 2. 

Charles. If the sight then depend 
OD sensations produced on the retina* 
such a person will not see the object 
p3 



16Q OPTICS. 

.- * 

at all, because the image of it does 
not reach the retina. 

Tutor. True : but at x the rays 
cross one another^ and pass on to 
the retina, where they will produce 
some sensations, but not those of 
distinct vision, because they are not 
brought to a focus there. To remecty 
this, the concave glass mn ia inter- 
posed between the object and thtf 
eye, which causes the rays coming 
to the eye to diverge; and, being 
more divergent when they enter the 
eye, it requires a very convex cornea 
or crystalline to bring them to a focus 
at the retina. 

James. I have seen old people, 
when examining an object, hold it a 
good distance from their eyes. 

Tutor. Because, their eyes being 
too flat, the focus is thrown beyond 
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the eyej mid therefore they, hold the 
object at a distanqe to bring the focus 
Zi in the last figure but one, to the 
retina. 

Charles. Very short-sighted people 
bring objects close to their eyes. 

Tutor ^ Yes ; I once knew a young 
xnanf who was apt, in looking at his 
paper^ to rub out with his nose what 
he had written with his pen. In 
this case, bringing tiie object near 
the eye produces a similar effect to 
that produced by concave glasses: 
becajuse, the nearer the object is 
brought to i\x% eye, the greater is 
the angle under which it is seen ; that 
is, the extreme rays, and, of course, 
all the others^ are made more diver-^ 
gent. 

James. I do not understand 
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Tutor. Do you not ? Look^ then, 
to this diagram, in which let £ foe 




the eye, and the object ab seen 
at Z9 and also at j^, double the dis- 
tance ; will not the same object appear 
under different angles to an eye so 
situated ? 

James. Yes, certainly ; a E i will 
be larger than CK^, and will in* 
elude it. 

Tutor. Then the object being 
brought very near the eye has the 
same effect as magnifying the object, 
or of causing the rays to diverge; 
that is, though a b and c d are of the 
same lengths, yet a b, being nearest 
to the eye, will appear the largest. - 

Charles. You say the eyes of old 
people become flat by age; is that 
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according to the natural course of 
things ? 

Tutor. It is ; and therefore persons 
who are very short-sighted while 
young will probably see well when 
they grow old. 

James. That is an advantage denied 
to common eyes. 

Tutor. But people, blessed with 
common sight, should be thankful 
for the benefit they derive while 
young. 

Charles. And I am sure we can- 
not too highly estimate the science of 
optics, that has afforded such assist- 
ance to defective eyes, which, in 
many circumstances of life, would be 
useless without them. 
• Tutor. Spectacles were known and 
used long before the principle of the 
microscope and telescope was brought 
into action. Salvinus Armatus^ a 
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nobleman of Florence^ daimed the 
honour of the invention of spectacles : 
he died in 1917^ and the fact was 
inscribed on his tomb. But it h 
generally believed that Alhazen was 
the real inventor, 50 or 60 years prior 
to this period. 
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CONVERSATION XVIII. 



Of the Rainbow. 

Tutor. You have frequently seen 
a rainbow ? 

Charles* Ob, yes ; and very often 
J have seen two at the same time, 
one above the other ; the lower being 
by far the most brilliant. 

Tutor. This is one of the most 
beautiful phenomena in nature; it 
never makes its appearance but when 
a spectator is situated between the sun 
and the shower which occasions it.. 
It is thus described by Thomson : — 

I Reflected from yon eastern cloudy 
Bestriding earth, the grand ethereal \>ow 
Shoots up immense ; aQd~«v'ry hue unfoldtf. 
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In fiur propoctioD, roniung from the red 
To where the Ti'iet fades into the sky. 
Here^ awful Newton, the dissolving clouds 
Form, fronting on the sun^ thy showVy prism; 
And to the sage-instructed eye unfold 
The various twine of light, by thee disclos'd 
From the white mingling ma^w. 



James. Is a rainbow occasioned by 
the falling drops of rain ? 

Tutor. Yes; it depends on the 
reflection and refraction of the rays 
of the sun by the falling drops. 

Charles. I know now how the ray^ 
of the sun are refracted by water^ 
but are they reflected by it also? 

Tutor. Yes ; water, like glass^ re- 
flects some rays, while it transmits 
or refracts others. You know the 
beauty of the rainbow consists in its 
colours. 

James.' Yes, ^^ the colours of the 
rainbow '' is a very common expMs* 
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sion; I Bave been told there are 
seven of them^ but it is seldom that 
so many can be clearly distinguished. 
Tutor. Perhaps that is owing to 
your want of patience ; I will show 
you the colours first by means of the 
prism. If a ray of light s be ad- 




mitted into a darkened room, through 
a small hole in the shutter xy, its 
natural coui^e is along the line to d; 
but if a glass prism ache interposed, 
the whole ray will be bent upwards ; 
and, if it be received on any white 
Hsurfooe, as M N, it will form an obkmg 
imam P T. the breadth of which is 
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equal to th6 diameter of the liole ia 
the shutter. 

Charles. This oblong is of dif^ 
ferent colours in different parts. 

Tutor. These are the colours erf 
the rainbowy which are described by 
Dr. Darwin as untwisted :^^ 

Next with illumiu'd hands through prisms bright 
Pleas'd thej untwist the sevenfold threads of 

light; 
Or, bent in pencils by the lens, convey 
To one bright point the silver hairs of day. 

James. But how is the lights 
which is admitted by a circular hole 
in the window^ spriead out into an 
oblong ? 

Tutor. If the ray were of one 
substance, it would be equally bent 
upwards, and make only a small cir- 
cular image. Since, therefore, the 
image or picture is oblong, it is in* 
ferred, that it is formed of rays dif- 
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ferently refrangible, some of which 
are turned more out of th^ way, or 
more ' upwards than others ; those 
which go to the upper part of the 
spectrum being most refrangible, 
those which go to the lowest part are 
the least refrangible; the intermedi- 
ate ones possess more or less refran- 
gibility, according as they are painted 
on the spectrum. Do you see the 
seven colours ? 

Charles. Yes ; here is the violety 
indigo, blue, green, yelloxv, orange, 
^nd red* 

Tutor. These colours will be still 
more beautiful, if a convex lens be 
interposed^ dt a proper distance^, be- 
tween the shutter and the prism: 
and you may easily recollect both 
the names of the colours and their 
order, by forming with ilieir initials 
the mnemonic word vibgyor. 

VOL. V. Q 
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James. Ho w does this appty to the 
rainbow? 

T\itor. Suppose a to be a drop of 




rain^ and s J a ray from the sun^ fall- 
ing upon or entering it at d, it will 
not go to c, but be refracted to n» 
where a part will go outt hut a part 
also will be reflected to q^ where it 
will go out of the drop^ which, acting 
like a prism, separates the ray into 

tn the above cut R and r' represent red rays ; and 
y and v' vio/ieirraj9« 
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itg primitive colours ; the violet will 
be uppermost! the red lowermost 

Charles • Is it at qdj particular 
angle that the colours are formed ? 

Tutor. Yes, they are all at fixed 
angles ; the least refrangible, or red*^^ 
makes an angle with the solar ind*. 
dent ray, equal xo little more th^n 
42 degrees ; and the violet^ or most; 
refrangible ray, will make with the 
solar ray an angle of 40 degrees. 

James. I do not understand whicli; 
are these angles. 

Tutor. The ray s d would go to/ c, 
therefore the angle made with the red 
ray is ^fq^ and that made with the 
violet ray i%Bcq ; the former 42* 2', 
the latter 40° IT. 

Charles. Is this always the case, 
be the sun either high or low in the 
heavens ? 

Tutor. It is; but the situation of 

q2 
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the rainbow will vary, according as 
the sun is high or low ; that is, the 
higher the sun, the lower will i>e the 
rainbow : a shower has been seen on^ 
a mountain by a spectator in a vallej, 
by which a complete circular rainbow- 
has been exhibited. 

Jamts. And I once remember 
standing on Morant*s Court Hill, in 
Kent, when there was a heavy shower, 
while the sun shone very bright, and' 
all the landscape beneath, to a vast 
extent, seemed to be painted with the* 
prismatic colours. 

Tutor. I recollect this well ; and 
perhaps to some such scenes Thom- 
son alludes ; it was certainly the most 
beautiful one I ever beheld : — 

These when the clouds distil the rosy shower, 
Shiue out distinct adown the watery how; 
While o'er our hdads the dewy rision bend» 
Delightful) melting on the fields beneath. 
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Myriads of mingling dyes from these result. 
And mypads still remain ; infinite source 
Of beauty, e?cr blushing, ever new. 

Charles. You have not explained 
the principles of the upper or fainter 
bow. 

Tutor. This is formed by two re- 
fractions and two reflections; suppose 
the ray x r to be entering the drop u 
at r« It is refracted at r, reflected 
at s, reflected again at t, and refract- 
ed as it goes out at u, whence it pro^ 
ceeds^ being separated, to the spec* 
tator at g. Here the colours are re- 
versed ; the angle formed by the red 
ray is 51% and that formed by the 
violet is about 54% 

James. Does the same thing hap<* 
pen with regard to a whole shower^ 
as you have shown with respect to the 
two drops ? 

Tutor. Certainly; and b/the^oa* 

<i3 
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stant falling of the rain, the image is 
preserved constant and perfect, n&e 
is the representation of the two bows. 



The rays come in the direction SA, 
and the spectator stands at £, with 
his back to the sun, or, in other words, 
he must be between the sun and the 
shower. 

This subject may be shown in an- 
other way ; if a glass globule filled 
with water be hung sufficiently high 
before you, when the sun is behind, 
to appear red, let it descend gradu- 
ally, and you will see in the descent 
all the other six colours follow one 
another. . Artificial rainbows may be 
made with a common watering pot, 
but mu<^i better witl^ a syringe fixed 
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to an artificial fountain ; and I have 
seen one by spirting up water from 
the mouth : it is often seen in cas* 
cades, in the foaming of the waves of 
the sea, in fountains^ and even in the 
dew on the grass. 

Dr. Langwith has described a rain- 
bow, which he saw lying on the 
ground, the colours of which were 
almost as lively as those of the com- 
mon rainbow. It was extended se- 
veral hundred yards ; and the colours 
were so strong, that it might have 
been seen much farther, if it had not 
been terminated by a bank, and the 
hedge of a field. 

Rainbows have also been produced 
by the reflection of the sun's beams 
from a river : and Mr. Edwards de- 
scribes one, which must have been 
formed by the exhalations from the 
city of London, when the sun had 
been set twenty minutes^ 
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In general^ however^ the theoretic 
cal results are these : — If the sun and 
the spectator's eye be in the horizon^ 
the bow will appear an exact semi- 
circle ; and the visible segment above 
the horizon will continually diminish 
as the sun's altitude increases^ until 
at length, when that altitude becomes 
equal to 4S^ 2\ the primary bow will 
.be invisible : and, for the same reason, 
no secondary bow can be observed, 
unless the altitude of the sun's centre 
above the horizon be less than 54f* 7\ 
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CONVERSATION XIX. 



Of the Refracting Telescope. 

Tutor. We may now, as you 
are at leisure, proceed to describe the 
structure of telescopes^ of which there 
are two kinds ; V2>. the refracting 
and the reflecting telescope. 

Charles. The former, or refract'^ 
ing telescope, depends, I suppose, 
upon lenses for the operation ; and the- 
reflecting telescope acts chiefly by- 
means of mirrors. 

Tutor. Yes : these are the general 
grounds of the distinction ; and we 
shall devote this morning to the ex- 
planation of the refracting telescope. 
Here is one completely fitted up. 
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James. It consists of two tubes and 
two glasses. 

Tutor. The tubes are intended to 
hold the glasses, and to confine the 
boundary of the view. I will there- 
fore explain the principle . by the 
following figure, in which is repre- 




sented the eye ab, the two lensesf, 
mUf opt and the object, s^y. The 
lens op9 which is nearest to theobject^ 
is called the object-glass, and that, 
972 n^ nearest to the eye, is called the 
eye-glass. 

Charles. Is the object-glass a- 
double convex, and the eye-glass a 
double concave ? . , 

Tutor. It happens sq Im this par^. 
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ticular instance^ but it is not neces- 
sary that the eye-glass should be con^- 
cave ; the object-glass must, however, 
in all cases, be convex* 

Charles. I see exactly, from the 
figure, why the eye-glass is concave : 
for the convex lens converges the 
rays too quickly, and the focus by 
that glass alone would be at £ : and 
therefore the concave is put near the 
eye to make the rays diverge so much 
as to throw them to the retina before 
they come to a focus. 

TtUor. But that is not the only 
reason : by coming to a focus at £, 
the image is very small, in compari- 
son of what it is when the image is 
formed on the retina, by means of the 
concave lens. Can > you, James^ e3&- 
pknn the reason of all the lines which 
you see in the figure ? 

JmK9. I think I can; — there are 
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•two pencils of rays flowing from' the 
extremities of the arrow, which is 
the object to be viewed. The rays 
of the pencil flowing from a?, go on 
diverging till they reach the convex 
lens p, when they will be so refract- 
ed by passing through the glass, as 
to converge and meet in the point x. 
Now the same may be said of the 
pencU of ray& which comes from y; 
and, of course,^ of all the pencils, of 
rays flowing from the object between 
X and y. So that the image of the 
arrow would, by the convex lens^ be 
formed at £.. 

Tutor. And what would happen 
if there were no other glass ? 

James. The rays would cross each 
•other and be divergent, so that, when 
they got to the retina, there would 
be no distinct image^ formed, but 
«very point, as. xl or ^, would'>. be 
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Spread over a large space, and the 
image would be confused. To pre* 
vent this, the concave lens m n is 
interposed ; the pencil of rays, which 
would, by the convex glass, converge 
at .r, will now be made to diverge* 
so as not to come to a focus till they 
arrive at the retina : and the pencil 
of rays which would, by the convex 
glass, have come to a point at y, will, 
by the interposition of the concave 
lens, be made to diverge so much as 
to throw the focus of the rays to b 
instead of y. By this means the 
image of the object is magnified. 

Tutor. Can you tell the reason 
why the tubes require to be drawn out 
more or less for different persons ? 

Charles. The tubes are to be ad- 
justed, in order to throw the focus 
of rays exactly on the retina : and> 
as some eyes are more convex: thau 

VOL. v» R 
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others, the length of the focus will 
vary in different persons ; and by slid* 
ing the tube up or down this object 
is obtained. 

Tutor. Refracting telescopes are 
used chiefly for viewing terrestrial 
objects; two things, therefore, are 
requisite in them; the first is, that 
they should show objects in an up- 
right position, that is, in the same 
position as we see them without 
glasses ; and the second is, that they 
should afford a large Jield of view. 

James. What do you mean, sir, 
by a field of view ? 

Tutor. All that part of a land- 
scape which may be seen at once, 
without moving the eye or instru- 
ment. Now, in looking on the figure 
again, you will perceive, that the 
concave lens throws a number of the 
nafa jbeyond the pupil c of the eye 
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on to the iris on both sides, but those 
only are visible, or go to form an 
image, which pass through the pupil ; 
and, therefore, by a telescope made 
in this way, the middle part of the 
object only is seen, or, in other wordst 
the prospect is by it very much di^ 
minished. 

Charles, How is that remedied ? 

Tutor. By substituting a double 
convex eye-glass g h instead of the 




concave one. Here the focus of the 
double convex lens is at £, and the 
glass g h must b^ so much more con« 
vex than op ba that its focus may 
be also at £ : for then the rays flowing 

112 
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from the object x y^ and passing 
through the object-glass opy will form 
the inverted image miL d. Now, by 
interposing the double convex g hj the 
image is thrown on the retina, and it 
is seen under the large angle bee; 
that is, the image 7n'E,d will be mag- 
nified to the size c £ D. 

James. Is not the image of the 
object in the telescope inverted ? 

Tutor. Yes, it is : for you see the 
image on the retina stands in the 
same position as the object; but we 
always see things by having the images 
inverted : and, therefore, whatever is 
seen by telescopes constructed as this 
is, will appear inverted to the specta- 
tor, which is a very unpleasant cir- 
cumstance with regard to terrestrial 
objects ; it is on that account chiefly 
used for celestial observations. 
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Charles. Is there any rule for cal^ 
culating the magnifying power of thiil 
telescope? 

Tutor. It magnifies in proportion 
as the focal distance of the object-* 
glass is greater than the focal dig*' 
tance of the eye-glass. Thus, if the 
focal distance of the object-glass is 
ten inches, and that of the eye-glass 
only a single inch, the telescope mag-» 
nifies the diameter of an object ten 
times : and the whole surface of the 
object will be magnified a hundred 
times. 

Charles. Will a small object, as a 
silver penny for instance, appear a 
hundred times larger through this 
telescope than it would by the naked 
eye? 

Tutor. Telescopes, in general, rr- 
present terrestrial objects to be nearer 
and not larger : thm looking at the 

US 
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silver penny a hundred yards distant, 
it will not appear to be larger^ but at 
the distance only of a single yard. 

Jaines. Is there no advantage 
gained, if the focal distance of the 
eye-glass and of the objeot-glass be 
equal? 

Tutor. None; and therefore, in 
telescopes of this kind, we have only 
to increase the focal distance of the 
object-glass, and to diminish the focal 
distance of the eye-glass, to augment 
the magnifying power to almost any 
degree. 

Charles. Can you carry this prin- 
ciple to any extent ? 

Tutor. Not altogether so : an ob- 
ject glass of ten feet focal distance 
will require an eye-glass whose focal 
distance is rather more than two 
inches and a half; and an object- 
glass with a fooal distance of a hua- 
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dred feet^ must have an eye-glass 
whose focus must be about six inches 
from it. How much will each of 
these glasses magnify ? 

Charles. Ten feet divided by two 
inches and a half give for a quotient 
forty-eight: and a hundred feet di- 
vided by six inches give two hundred ; 
so that the former magnifies 48 times, 
and the latter 200 times. 

Tutor. Refracting telescopes, for 
viewing terrestrial objects, in order to 
show them in their natural posture, 
are usually constructed with one ob- 
ject-glass, and three eye-glasses, the 
focal distances of these last being 
equal. 

Janies. Do you make use of the 
same method in calculating the mag- 
nifying power of a telescope construct- 
ed in this way, as you didjn^he 
last ? 
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Tutor. Yed; the three glasses 
next the eye having their focal dis* 
tances equal, the magnifying power 
is found by dividing the focal dis- 
tance of the object-glass by the focal 
distance of one of the eye-glasses< 
We have now said as much on the 
subject as is necessary to our plan. 

Charles. What is the construction 
of opera-glasses, that are so much used 
at the theatre? 

Tutor. The opera-glass is nothing 
more than a short refracting telescope. 

The night telescope is only about 
two feet long ; it represents objects 
inverted, much enlightened, but not 
greatly magnified. It is used to 
discover objects, not very distant, but 
which cainnot otherwise be seen, for 
want of sufficient light. 

The night telescope is much used 
jn observations on eclipses of the 



•r. 
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moon. Dii*ectioDS are given to the 
young astronomer, with regard to 
the use of this instrument, in Vince's 
Practical. Astronomy, in which we 
learn, that the late Dr. Maskelyne 
used to advise the ob^rver to place 
a circular aperture at the object end^ 
about half the size of the common 
aperture. • 



J 
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CONVERSATION XX. 



tm 



Of Reflecting Telescopes. 

Tutor. This is a telescope of a 
different kind, and is called a reflect" 
ing telescope. 

Charles. What advantages does 
the reflecting telescope possess over 
that which you described yesterday ? 

Tutor. The great inconvenience 
attending refracting telescopes is their 
lengthy and, on that account, they are 
not very much used when high powers 
are required. A reflector of six feet 
long will magnify as much as a re- 
fractor of a hundred feet 

James. Are these, like the refract- 



heflecting telescope. 
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ing telescopes, made in different 
ways? 

Tutor. They were invented by si^ 
Isaac Newton, but have been greatly 
improved since his time. The fol- 
lowing figure will lead to a descrip- 




tion of one of those most in use. You 
know that there is a great similarity 
between convex lenses and concave 
mirrors. 

Charles. They both form an in^ 
verted focal image of any remote ob*- 
ject, by the convergence of the pencils 
of rays. 

Tutor. In instruments, the exht- 
Mtions of which are the effects of re* 
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flection, the concave mirror is suIm 
stituted for the convex lens, tt 
represents the large tube, and tt the 
small tube of the telescope, at one 
end of which is d f, a concave mirror, 
with a hole in the middle at p, the 
principal focus of which is at ik; 
opposite to the hole p is a small 
mirror L, concave towards the great 
one ; it is fixed on a strong wire M, 
and may^ by means of a long screw 
on the outside of the tube be made 
to move backwards or forwards, a b 
is a remote object ; from which rays 
will flow to the great miiTor D F. 

Jcfmes. And I see you have taken 
.only two rays of a pencil from the top, 
and two ftbm the bottom. 

Tutor. And, in order to trace the 
progress of the reflections and refrac- 
tions, the upper ones are represented 
. by full lines, the lower opes by. dotted 
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Ifnes. Now the rays at c and E, fall- 
ing upon the mirror at D and F, are 
reflected, and form an inverted image 
at m. 

Charles. Is there any thing there 
.to receive the image ? 

Tutor. No : and therefore they go 
on towards the reflector h, the rays 
from different parts of the object 
crossing one another a little before 
they reach l. 

James. Does not the hole at p tend 
to distort the image ? 

Tutor. Not at all ; the only defect 
is that there is less light. Fron^ the 
mirror L the rays are reflected nearly 
parallel through p ; there they have to 
pass the plano-convex lens n, which 
causes them to converge at a b, and 
the image is now painted in the small 
tube near the eye. 

VOL. V, s 
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Charles. What is the other plano« 
convex lens s £3r ? 

Tutor ^ Having, by roeaofii of the 
lens R, and the two concave miirors, 
brou^t the image of the object so 
nigh as at a b^ we only want to mag- 
nify the image. 

James. This, I see, is done by the 
lens 8. 

Tutor. It is, and will appear as 
large as c d^ that is, the image is seen 
under the angle cfd. 

Charles. How do you estimate the 
magnifying power of the reflecting 
telescope ? 

Tutor. The rule is this : " Multi- 
ply the focal distance of the large 
mirror by the distance of the small 
mirror from the image m : then mul- 
tiply the focal distance of the small 
mirror by the focal distance of the tye* 
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glass ; and divide these two jpnoducts 
by one another, and the quotient is 
the magnifying power." 

James. It is not likely that we 
should know all these in any instru- 
ment we possess. 

Tutor. The following, then, is a 
method of finding the same thing by 
experiment " Observe at what dis- 
tance you can read any book with the 
naked eye, and then remove the book 
to the farthest distance at which you 
can distinctly read by means of the 
telescope, and divide the latter by the 
former." 

The powers of different telescopes 
may be readily tried and compared, 
by looking at double stars, and ob- 
serving whether, and how far, they 
separate them. This refers to tele-» 
scopes of high powers. 

s 2 
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Charles. Had not the late Dr. 
Herschel a very large reflecting tele* 
scope? 

Tutor. He made many^ but the 
tube of his grand telescope is nearly 
40 feet long, and 4 feet 10 inches in 
diameter. The concave surface of 
the great mirror is 48 inches of po- 
lished surface in diameter, and it 
magnifies 6000 times. This noble in- 
strument cost the doctor four years' 
severe labour : it was finished August 
28, 17899 on which day was discovered 
the sixth satellite of Saturn :— - 

Delighted Herschel, with reflected light, 
Pursues his radiant journey through the night. 
Detects new guards, that roll their orbs afar, 
In lucid ringlets round the Georgian star. 

Very powerful and excellent tele- 
scopes are now made by Mr. Ramage, 
an ingenious artist of Aberdeen. 
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CONVERSATION XXI. 
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Of the Microscope — Its Principle—* 
Of the single Microscope^^Of the 
Compound Microscope — Of the So^ 
lar Microscope. 

Tutor. We are now to describe 
the microscope, which is an instru- 
ment for viewing very small objects. 
You know, that in general, persons 
wlio have good sight, cannot dis- 
tinctly view an object at a nearer 
distance than about six inches. 

Charles. I cannot read a book at 
a shorter distance than this; but if 
I look through a small hole made 

s 3 
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with a pin or needle in a sheet of 
brown paper, I can read at a very 
small distance indeed. 

Tutor. You mean, that the let- 
ters appear, in that case, very much 
magnified, the reason of which is, 
that you are able to see at a much 
shorter distance in this way than you 
can without the intervention of the 
paper. Whatever instrument, or con ^ 
trivance, can render minute objects 
visible and distinct is properly a 
microscope. 

James. If I look through the hole 
in the paper, at the distance of five 
or six inches from tlie print, it is not 
magnified. 

Tutor. The object must be brought 
near to increase the angle by which 
it is seen ; this is the principle of all 
microscopes, from the single lens to 
the most compound instrument, a 
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is an object not clearly visible at a 




less distance that a b ; but, if the same 
object be placed in the focus c of the 



^ 



lens D, the rays which proceed from 
it will become parallel, by passing 
through the said lens ; and therefore 
the object is distinctly visible to the 
eye at e, placed any where before 
the lens. There are three distinctions 
in microscopes ; the single, the com- 
pound, and the solar. 

Charles. Does the single micro- 
scope consist only of a lens ? 

Tutor. By means of a lens, a great 
number of rays, proceeding from a 
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pointy are united in the same sen-> 
sible point ; and, as each ray carries 
with it the image of the point from 
whence it proceeded, all the rays 
united must form an image of the 
object. 

Jmnes. Is the image brighter in 
proportion as there are more rays 
united ? 

Tutor. Certainly : and it is more 
distinct in proportion as their natural 
order is preserved. In other words, 
a single microscope or lens removes 
the confusion that accompanies ob- 
jects when seen very near by the 
naked eye: and it magnifies the 
diameter of the object, in proportion 
as the focal distance is less than the 
limit of distinct vision, which we 
may reckon from about six to eight 
inches. 

Charles. If the focal distance of 
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a reading-glass be four inches, does it 
magnify the diameter of each letter 
pnly twice ? 

Tutor. Exactly so : but the lenses 
used in microscopes are often not 
more than ^, or ^, or even ^ part of 
an inch radius. 

James. And in a double convex 
the focal distance is always equal to 
the radius of convexity. 

Tutor. Then tell me how much 
lenses of 4-9 t> ^^^ -sV ^^ sm inch 
will each magnify. 

James. That is readily done : by 
dividing 8 inches, the limit of distinct 
vision, by 4-, 4, and ^. 

Charles. And to divide a whole 
number, as 8, by a fraction, as -^, &c. 
IS- to multiply the said number by 
the denominator of the fraction : of 
course, 8 multiplied by 4, gives 32 ; 
|;hat is, the lens whose radius is -^ 
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df an inch» magDifies the diameter of 
the object 32 times. 

James. Therefore the lenses of 
which the radii are tj »nd ^, will 
magnify as 8 multiplied by 8^ and 
8 multiplied by 20; that is, the 
former will magnify 64 times, the 
latter 160 times, the diameter of an 
object. 

Tutor. You see, then, that the 
smaller the lens, the greater its mag- 
nifying power. Dr. Hooke says, in 
his work on the microscope, that he 
has made lenses so small, as to be 
able, not only to distinguish the par- 
ticles of bodies a million times smaller 
than a visible point, but even to make 
those visible of which a million times 
a million would hardly be equal to 
the bulk of the smallest grain of sand. 

Charles. I wonder how he made 
tbetn. 

Tutor. I will give you \v\^ ^^ 
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scription : he first took a very narrow 
and thin slip of clear glass, melted it 
in the flame of a candle or lamp, and 
drew it out into exceedingly fine 
threads. The end of one of these 
threads he melted again, in the flame, 
till it run into a very small drop, 
which, when cool, he fixed in a thin 
plate of metal, so that the middle of 
it might be directly over the centre 
of an extremely small hole made in 
the plate. Here is a very convenient 
single microscope. 

James. It does not seem, at first 
sight, so simple as those which you 
have just now described. 

Tutor. A is a circular piece of 
brass, it may 
be made of » 
woody ivory, 
&c., in the 
middle of 
which is a 
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very small hole ; in this is fixed d 
small lens, the focal distance is a D ! 
at that distance is a pair of pliers 
DE, which may be adjusted by the 
sliding screw p, and opened by mean^ 
of two little studs ae; with these 
any small object may be taken up^ 
and viewed with the eye placed at 
the other focus of the lens at f, to 
which it will appear magnified, as 
at I M. 

Charles. I see, by the joints it is 
made to fold up. 

Tutor. It is; and may be put 
into a case, and carried about in the 
pocket, without any incumbrance or 
inconvenience. Let us now look at 
a double, or compound microscope. 

James. How many glasses are 
there in this ? 

Tutor. There are two; and the 
construction of it may be seen by this 
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figure : c d is called the object-glass, 
and ef the eje-glass. 
The small object a b 
is placed a little farther 
from the glass cd 
than its principal focus, 
so that the pencils of 
rays flowing from the 
different points of the 
object, and passing 
through the glass, may 
be made to converge 
and unite in as many points between 
g and h, where the image of the ob- 
ject will be formed. This image is 
viewed by the eye-glass ef, which 
is so placed that the image g h may 
be in the focus, and the eye at about 
an equal distance on the other side ; 
the rays of each pencil will be pa- 
rallel, after going out of the eye-glass, 
as at e and f, till they come to tbe 
VOL. V, X 
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eye at h^ by the humours of which 
they will be converged and collected 
into points on the retina, and form 
the large inverted image A B. 

Charles. Pray, sir, how do you 
calculate the magnifying power of 
this microscope ? 

Tutor. There are two proportions^ 
which, when found, are to be mul- 
tiplied into one another : (1) As the 
distance of the image from the object* 
glass is greater than its distance from 
the eye-glass ; and (2) as the distance 
from the object is less than the limit 
of distinct vision.* 

Example 1. If the distance of the 

* The late Professor Vince gave the following rule 
fbr finding the linear magnifying power of a com- 
ponnd microscope : '^ It is eqaal to the least dis- 
tance of distinct yision, multiplied by the distance 
of the image from the object-glassi divided by the 
distance of the object from the object-glass^ mul« 
iiplied bj Uw fecal length of the ey^-glass/' 
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image from the object-glass be 4 
times greater than from the eye-glass, 
the magnifying power of 4 is gained ; 
and, if the focal distance of the eye- 
glass be one inch, and the distance 
of distinct vision be considered at 7 
inches, the magnifying power of 7 
is gained, and 7X4 gives 28 ; that 
is, the diameter of the object will be 
magnified 28 times, and the surface 
will be magnified 784 times. 

James. Do you mean, that an 
object will, through such a micros 
scope, appear 784 times larger than 
by the naked eye ? 

Tutor. Yes, I do; provided the 
limit of distinct vision be 7 inches ; 
but some persons, who are short- 
sighted, can see as distinctly at 5 or 
4 inches, as another can at 7 or 8 1 
to the former the object will not ap* 
pear so large as to the latter^ 

T a 
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Example 2. What will a micro* 
scope of this kind magnify to three 
different persons, whose eyes are so 
formed as to see distinctly at the 
distance of 6, 7^ and 8 inches, by the 
naked eye: supposing the image of 
the object-glass to be five times as 
distant as from the eye-glass» and the 
focal distance of the eye-glass be only 
the tenth-part of an inch ? 

Charles. As five is gained by the 
distances between the glasses, i^nd 
60, 70, and 80, by the eye-glass, 
the magnifying powers will be as 300, 
350, and 400. 

James. How is it that 60, 70, and 
80, are gained by the eye-glass ? 

Charles. Because the distances of 
distinct vision are put at 6, 7» and 8, 
inches, and these are to be divided 
by the focal distance of the eye-glass, 
or by Vt • ^^*» ^ divide a whole 
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number by a fraction, we mtidt mul- 
tiply that number by the denomi- 
nator, or low^ figure in the fraction: 
therefore, the power gained by the 
distance between the two glasses, or 
5, must be multiplied by 60, 70, or 
80. And the surface of the object 
will be magnified in proportion to 
the square of 300, 350, or 400, that 
is, as 90,000, 122,500, or 160,000. 

Tutor. We now come to the solar 
microscope, which is by far the most 
entertaining of them all, because the 
image is much larger, and, being 
thrown on a sheet, or other white 
surface, may be viewed by many 
spectators at the same time, without 
any fatigue to the eye. Here is one 
fixed in the window-shutter; but I 
can explain its construction best by 
a figure. 

T S 
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James. There is a looking-glass on 
the outside of the window. 

Tutor. Yes, the solar microscope 




consists of a looking-glass s o without, 
the lens a bm the shutter d u, and 
the lens nm within the dark room. 
These three parts are united to, and 
io a hrass tube. The looking-glass 
can be turned by the adjusting 
screw so as to receive the incident 
rays of the sun s s s, and reflect them 
through the tube into the room. The 
lens a b collects those rays into a focus 
at n m, whei'e tliere is another magni- 
fier J here, of coutse, the rays cross, 
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and diverge to the white screen on 
which the image of the object will 
be painted. 

Charles. . I see the object is placed 
a little behind the focus. 

Tuto7\ If it were in the focus it 
would be burnt to pieces immediately. 
The. magnifying power of this instru- 
ment depends on the distance of the 
$heet or white screen ; perhaps about 
10 feet is as good a distance as any* 
You perceive, that the size of the 
image is to that of the object as the 
distance of the former from the lens 
nm is to that of the latter. 

James. Then the nearer the object 
to the lens, and the farther the screen 
from it, the greater the power of this 
microscope. 

Tutor. You are right ; and, if the 
object be only half an inch from the 
lens, and the screen nine feet, the 
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image will be 46,656 times larger 
than the object: do you understand 
this? 

Charles. Yes; the object being 
only half an inch from the lens, and 
the image 9 feet or 108 inches, or 
216 half inches, the diameter of the 
image wUl be 216 times larger than 
the diameter of the object, and this 
number multiplied into itself will gire 
46,656. 

Tutor. This instrument is calcu- 
lated only to exhibit transparent ob- 
jects, or such as the light can pass 
through in part. For opaque ob- 
jects a different microscope is used : 
dnd, indeed, there is an almost end- 
less variety of microscopes,* and of 

* The reader is referred to the author's '* Dia- 
logues on the Microscope,*' vrhich may be had of 
the |)ub4i»her9 of this \york* 
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them all, we may say, though in dif- 
ferent degrees : — 

The artificial convex will reveal 

The forms diminutive that each conceal ; 

Some so minute, that^ to the one extreme. 

The mite a vast leviathan would seem ; 

That yet of organs, functions, sense partake, 

Equal with animals of larger make. 

In curious limbs and clothing they surpass 

By far thecomeliestof the bulky mass. 

A world of beauties! that thro' all this frame 

Creation's grandest miracles proclaim. 

Brown e« 
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CONVERSATION XXII. 



Of the Camera Obscura, Magic Lan* 
thorn, and Multiplying Glass. 

Tutor. We may now convene 
upon some miscellaneous subjects ; of 
which the first shall be the Camera 
Obscura. 

Charles. What is a camera ob- 
scura? 

Tutor. The meaning of the term 
is a darkened chamber : the construc- 
tion of it is very simple, and will be 
understood in a moment by you, who 
know the properties of the convex 

lens. 

A convex lens, placed in a hole in 
a window shutter, will exhibit, on a 
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white sheet of paper placed in the 
focus of the glass, all the objects on 
the outside, as fields, trees, men^ 
houses, &c. in an inverted order. 

James* Is the room to be quite 
dark, except the light which is ad* 
mitted through the lens ? 

Tut07\ It ought to be so ; and, to 
have a very interesting picture, the 
sun should shine upon the objects. 

James. Is there no other kind of 
camera obscura ? 

Tutor. A portable one may be 
made with a square box, in one side 
of which is to be fixed a tube, having 
a convex lens in it : within the box 
is a plane mirror reclining backwards 
from the tube, in an angle of forty- 
five degrees. 

Charles. On what does this mirror 
reflect the image of the object ? 

Tutor. The top of the box k a 
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square of unpolished glass, on which 
the picture is formed. And, if a piece 
of oiled paper be stretched on the 
glass, a landscape maybe easily copied : 
or the outline may be sketched on the 
rough surface of the glass. 

James. Why is the mirror to be 
placed at an angle of 45 degrees 
exactly ? 

Tutor. The image of the objects 
would naturally be formed at the 
back of the box opposite to the lens : 
in order,' therefore, to throw it on 
the top, the mirror must be so placed 
that the angle of incidence shall be 
equal to the angle of reflection, Tn 
the box, according to its original 
make, the top is at right angles to 
the end, that is, at an angle of 90 
degrees, therefore the mirror is put 
at half 90, or 45 degrees. 

Charks^ Now the. inci^^nt rays 
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falling upon a surface, which declines 
to an angle of 45 degrees, will be 
reflected at an equal angle of 45 
degrees, which is the angle that the 
glass top of the box bears with respect 
to the mirror. 

James. Ifl understand you clearly, 
had the mirror been placed at the end 
of the box, or parallel to it, the rays 
would have been reflected back to the 
lens ; and none would have proceeded 
to the top of the box. 

James. True : in the same manner 
as when one person stands before 
a looking-glass, another at the side 
of the. room cannot see his image in 
the glass, because the rays, flowing 
from him to the looking-glass, are 
thrown back to himself again; but 
let each person stand on the opposite 
side of the room, while the glass is 
in the middle of the end of it, they 
VOL. v# u 
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will both stand at an angle of 45 de» 
gre^s with regard to the glass* and 
the rays from each will be reflected 
to the other, 

Charles. Is the tube in this ma^i 
chine fixed ? 

Tutor. No; it is made to draw 
out, or push in, so as to adjust the 
distance of the convex glass from 
the mirror, in proportion to the dis^ 
tance of the outward objects, till 
they are distinctly painted on the 
horizontal glass. 

James. WiU you now explain the 
structure of the magic lantiiom, which 
had long atfbrdedus occasional amuse* 
ment? 

Tutor. This little machine con- 
sists, as you know, of a sort of tin 
box ; within which is a lamp or can- 
dle : ttie light of this passes through 
m greek plano-convex lens, jj^aoed ia 
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H tube fixed io the front, Thui 
strongly illumiDates the objectas which 
are painted on slips of glass, and 
placed before the lens in an inverted 
position. A sheets or other white 
surface, is placed to receive thq 
images. k. 

Charles. Do you invert the glasses 
on which the figures are drawn, in 
order that the images of them may 
be erect ? 

TMtor, Yes ; and the illumination 
may be greatly increased, and the 
effect much more powerful, by placing 
a concave miiror ^t the back of the 
lamp, 

Charles. Did you not tell us that 
the Phantasmagoria^ which we saw 
at the Lyceum, was a sped^ of the 
magic lanthom ? 

Tutor, There is this difference 
between them: in common magic 

u 2 
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lanthorns, the figures are painted on 
transparent glass, consequently, the 
image on the screen is a circle of 
light having a figure or figures on it ; 
but in the Phantasmagoria all the 
glass is * made opaque, except the 
figureonly, which, being painted in 
transparent colours, the light shines 
through it, and no light can come 
upon the screen but what passes 
through the figure. 

James. But there was no sheet to 
receive the picture. 

Tutor. No : the representation was 
thrown on a thin screen- of <fiilk placed 
between the spectators and the Ian- 
thorn. 

Charles. What caused the images 
to appear approaching and reced- 
ing ? 
• Tutor. It is owing to removing 
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the lanthorn farther from the screen^ 
or bringing it nearer to it; for the 
size of the image jpust increase as 
the lanthorn is cafrted back, because 
the rays come in thiB shape of a cone ; 
and, as no part of the screen is visi- 
ble, the figure appears to be formed 
in the air, and to move farther off 
when it becomes smaller, and to come 
nearer as it increases in size. 

James* Here is another instru<' 
ment, the construction of whidi you 
promised to explain : the multiplying 
glass. 

Tutor. One side of this glass is 
cut into many distinct surfaces, and 
in looking at an ch^ect, as your i»ro- 
ther, through it, you will see, not 
one object only, but as many as the 
glass contains plane surfaces. 

I win draw a figure to illustrate 

u 3 
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this : let A i B represent a glass, flat 




at the side next the eye H, and cut 
into three distinct surfaces on the op- 
posite side, as a 6, bd, dB. The 
object c will not appear magnified, 
but, as rays M'ill flow from it to all 
parts of the glass, and each plane 

: surface will refract these rays to the 
eye, the same object will appear to 

. the eye in the direction of the rays 

. which enter it through each surface. 

( Thus a ray c i, falling perpendicularly 
on the middle surface, will suffer no 

'^ refraction, but show the obfect in its 
true place at c? : the ray from c b^ 
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falling obliquely on the plane surface 
A bi will be refracted in the direction 
bCf and, on leaving the glass at e, 
it win pass to the eye in the direc- 
tion e H, and therefore it appears at 
£ : and the ray c d will for the same 
reason be refracted to the eye in the 
direction B H^ and the object C will 
appear also at D. 

If, instead of three sides, the glass 
had been cut into 6, or 20, or any 
other number, there would have ap- 
peared 6, 20, &c. different objects, 
differently situated. If with a glass 
like this you look at a luminous ob- 
ject, as a candle, and give to the 
glass a rotatory motion in its own 
plane, the numerous images of the 
candle will appear to move round the 
central image, and thus present a 
very interesting picture incessantly 
shifting. 
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We must now conclude our con- 
versations on optics : there is a new 
property of light recently discovered, 
namely, its polarization, upon which 
I may at some subsequent season gi^e 
you a few lectures : it is not of a na- 
ture to admit of such popular expli- 
cation as you can comprehend. 
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CONVERSATION I. 



Of the Magnet — Its Properties-^ 
Useful to Mariners^ and others — 
Iron rendered Magnetic — Pro- 
per ties of the Magnet. 

Tutor. You see this dark brown 
mineral body ; it is almost blopk, and 
you know it has the property of at- 
tracting needles and other small iron 
substances. 

James. Yes, it is called a load- 
stone, leading-stone, or magnet ; we 
have often been amused with it : but 
you told us that it possessed a much 
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more important property than that 
of attracting iron auA^steel. 

Tutor. This is what is called the 
directive property^ hj whiph mariners 
are enabled to conduct their vessels 
through the mighty ocean out of the 
sight of land: by the aid of this, 
miners are guided in their subter- 
ranean inquiries* and the traveller 
through deserts otherwise impassable. 

Charles. Were not mariners un- 
able to make long and very distant 
voyages till this property of the mag- 
net was discovered ? 

Tutor. Till then, they contented 
themselves with mere coasting voy- 
ages ; seldom trusting themselves from 
the sight of land. 

James. How long is it since this 
property of the magnet was first 
known? 

Tutor. About 6ve hundred years ; 
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And it is not possible to aseertain, 
with any degree of precision, to 
whom we ai:ie indebted for this great 
discovery, 

Charles. You have not told us in 
what the discovery ccmsirts. 

Tutor. Whei^a magnet, or a nee- 
dle rubbed with a magnet, is freely 
suspended, it will always, and in all 
places, stand nearly north and south ; 
and its actual deviation from the 
north or south, at any one place, oon^ 
tinues the same> within narrow limits, 
£dr a long time. 

Charles. Is it known which end 
points to the north, and which to the 
south ? 

T%Uor. Yes; ot it woidd be of 
little use: each magnet, and each 
needle, or other piece of iron, that 
is made an artificial magnet by being 
property rabbed with the natural 
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magnet^ has a north end and a south 
end, called the north and ^outh poles : 
to the former a mark is placed, for 
the purpose of distinguishing it. 

James*, Then» if a ship were to 
make a voyage to the north, it must 
follow the direction which the mag- 
net takes; or, at least, making an 
allowance for that deviation to which 
,you have just alluded. 

Tutor. True ; and if it were bound 
a westerly course, the needle always 
pointing north, the ship must keep 
in a direction at right angles to the 
needle. In other words, the direc- 
tion of the needle must be across the 
ship. 

Charles. Could not the same ob- 
ject be obtained by means of the pole 
^tar? 

Tutor. It might, in a consider- 
able degree^ provided you could al« 
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ways ensure a fine clear sky ; but 
what is to be done in cloudy weather, 
which, in some latitudes, will last for 
many days together ? 

Charles. I did not think of that. 
r Tutor, Without the use of the 
magnet no persons could have ven- 
tured upon such voyages as those to 
the West Indies, and other distant 
parts; the knowledge, therefore, of 
this instrument cannot be too highly 
prized. 

James. *Is that a magnet which 
is fixed to the bottom of the globe, 
and by means of which we set the 
globe in a proper direction with re* 
gard to the cardinal points, north, 
south, east, and west r 

Tutor .^ That is called a compass^ 
the needle of which, being rubbed bgr 
the natural or real magnet, beccnstes 
possessed of the same properties as 

VOL. V* X 
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those which belong to the magnet 
itself. 

Charles. Can any iron and steel 
be made magnetic ? 

Tutor. They may; but steel is 
the most proper for the purpdse. 
Bars of iron or steel, thus prepared^ 
are called artificial magnets. 

James. Will these soon lose the 
properties thus obtained ? 

Tutor. Artificial magnets will re^ 
tain their properties almost any length 
of time, if they are taken proper care 
of ; and, since they may be rendered 
more powerfal than natural ones, and 
can be made of any form, they are 
generally used, so that the natural 
magnet is kept rather as a curiosity, 
than for any purposes of real utili^.' 

Charles. What are the leading 
fprdperties of the magnet ? 

JiOor^ (1.) A magnet attracti 
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zron» (2.) When placed sa as to be 
at liberty to move in any direction^ 
its north end points to the north 
pole, and its south end to the south: 
pole: this is called the polarity of 
the^ magnet. (8.) When the north 
pde of one magnet is presented to 
the south pole of another^ they will 
attract one another^ But if the two 
south, or the two north poles, are 
brought together, they will repel 
each other. f4.) When a magnet is 
so situated as to be at liberty to move 
any way, the two poles of it do not 
lie in an horizontal direction ; it in- 
clines one of its poles towards the 
horizon, and, of course, elevates the 
other pole above it ; this is called 
the inclination or dipping of the mag- 
net. (5.) Any magnet may be made 
to impart its properties to iron • and 
3teel, 
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James. Does the inclination of the 
nfagnet show its natural direction ? 

TtUor. This magnetised or dip- 
ping needle is an instrument intend- 
ed to show the natural direction of 
this important production of nature, 
at the particular place in wliich the 
instrument is situated. 

Upon this and other properties of 
the magnet we shall enlarge in the 
course of our conversations. 
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CONVERSATION n., 



'■f^S 



Magnetic Attraction and Reputihtt. 

Tutor. Having mentioned the 
"several properties of the magnet or 
loadstone, I intend, at this time, to 
enter more particularly into the na^ 
.ture of magnetic attraction and re- 
pulsion. Here is a thin iron bar, 
eight or nine inches long, rendered 
magnetic, and, on that account, it is 
now called aq artificial magnet: I 
bring a small piec^ of iron within a 
little distance of one of tbe poles of 
the magnet, and you see it is attracted 
.or drawn to it. 

Charles. Will not the same effect 
. be pvoduced, if the iron be presented 
to any other part of tite* Jiugnet I 
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Tutor. The attraction is strongest 
M the poles, and it grows less and 
less in proportion to the distance of 
any part from the potes ; so that, in 
the middle, between the poles, there 
IS no attraction, as you shall see by 
means of this large needle. 

James. When you held the needle 
near the pole of the magnet the 
inagnet moved to that, which looks 
^s if the needle attracted the mag- 
Jiet. 

Tutor. You are right : the attrac- 
tion is mutual, as is evident from the 
following experiment. I place this 
small magnet on a piece of cork, and 
the needle on another piece, and let 
them float on water, at a little dis- 
tance from each other, and you ob- 
serve that the magnet moves towards 
the iron, as much as the iron moves 
towards the magnet 
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Charles. If two magnets were put 

this situation* what would be the 

feet ? 

, Tutor. If poles of the 3ame i^me, 
liat is, the two north, or the two 
outh, be brought near together, they 
will repel one another; but, if a 
north and south pole be presented, 
the same kind of attraction will be 
visible as there was between the 
magnet and needle. 

James. Will there be any attrac- 
tion or repulsion, if other bodies, as 
paper or thin slips of wood, be placed 
between the magnets, or between the 
magnet and iron ? 

Tutor. Neither the magnetic at- 
traction nor repulsion is in the least 
diminished or in any way affected 
by the interposition of any kind of 
bodies, except iron.. Bring the mag- 
nets together within the attracting or 



036 MA6NBTISV. 

repelling distance, and hold a slip of 
wood between them: you see they 
both come to the wood. 

Oharles. You said that iron was 
more easily rendered magnetic than 
steel ; does it retain the properties as 
long too ? 

Tutor. If a piece of soft iron and 
a piece of hard steel be brought 
within the influence of a magnet^ the 
iron will be most forcibly attracted, 
but it will almost instantly lose its ac- 
quired magnetism ; whereas the hard 
steel will preserve it a long time. 

James. Is magnetic attraction and 
. repulsion at all like what we have 
sometimes seen in electricity? 

Tutor. In some instances 
there is a great similarity: 
Example T. Tie two pieces 
of soft wire each-to a separate 
thread, which join at top. 
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and let' them hang freely from a hook. 
If I bring the marked or north 
end of a magnetic bar just under 
them, you will see the wires repel 
one another, as they are shown in 
the %ure hanging from z. 

Charles. Is that oecasioned by the 
repelling power which both wires 
have acquired in consequence of being 
both rendered magnetic with the 
same pole ? 

Tutor. It is : and the same thing 
would have occurred if the south pole 
had been presented instead of the 
north. 

James. Will they remain long in 
that position ? 

Tutor. If the . wires are of very 
soft iron they will quickly lose their 
magnetic power : but if steel wires 
ho used» as common sewing needles. 
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they ^H continue to repel each other 
after the removal of the magnet. 

Example Ih I lay a sheet of pa-* 
per flat upon a table, and strew some 
iron filings upon it. I now lay this 
small magnet among them, and give 



the table a few gentle knocks, so as 
to shake the filings, and you observe 
in what manner they have ranged 
themselves about the magnet. 

Charles. At the two ends, or poles, 
the particles of iron form themselves 
into lines a little sideways ; they 
bend, and then form complete arches, 
reaching from some point in the 
northern half of the magnet, to dome 
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Dther point in the southern half.--^ 
Prty how do you account for this ? 
, Tutor. Each o^ the particles of 
iron, by peiug brought within the 
sphere of the magnetic influence^ 
becomes itself magnetic, and pos-» 
sessed of two poles, and, consequently, 
disposes itself in the same manner as 
any other magnet would do, and also 
attracts with its extremities the con- 
trary poles of other particles. 

Example IIJ. If I shake some iron 
filings through a gauze sieve, upon a 
paper that covers a bar magnet, the 
filings will become magnets, and will 
be arranged in beautiful curves. 

James. Does the polarity of the 
magnet reside only in the two ends 
of its surface ? 

Tutor. No : one half of the magnet 
is possessed of one kind of polarity, 
and the other of the other kind: 
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but the ends, of poles, are those 
points in which that power is ^ the 
strongest. 

Definition, A line c^rawn from 
one pole to the other is called the axis 
of the magnet. 
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CONVERSATION III. 



The Method of Making Magnets--^ 
Of the Mariners Compass. 

r 

Tutor. I have already told you, 
that artificial magnets, which are 
made of steel, are now generally- 
used in preference to the real magnet, 
because they can be procured with 
greater ease, may be varied in their 
form more easily, and will communis 
cate the magnetic virtue more power^^ 
fully. 

Charles. How are they made ? 

Tktor. The besjt method of making 
artificial magnets is to apply one 
or more powerful magnets to piecei^ 

VOL. V. Y 
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of hard steel, taking care to apply the 
north pqle of the magnet or magnets 
to that extremity of the steel which 
is required to be made the south pole, 
and to apply the south pole of the 
magnet to the opposite extremity of 
the piece of sted. 

James. Has a magnet, by commu-* 
nicating its properties to other bodies, 
its own power diminished ? 

Tutor. No, it is even increased by 
it.-^A bar of iron, three or four feet 
long, kept some time in a vertical 
position, will become magnetic, the 
lower extremity of it attracting the 
south pole and repelling the north 
pole. But if the bar be inverted the 
polarity will be reversed. 

Charles. Will steel produce the 
same effects ? 

Tutor. It will not ; the iron must 
ife mft; and hence Ibmvof iron that 



moK HAomrric. 243 

hate been long in a perpendicular 
porition are generally found to be 
magneticaU as fire irons, bars of win* 
dows, &c.— ^Indeed, Professor Hans« 
teen affirms^ that every vertical ob* 
ject, of whatever materials composed, 
has a magnetic sotrih pole above, and 
a north pole below. If a long piece 
of hard iron be made red hot, and 
then left to cool in the direction of 
the magnetical line, it usually becomes 
magnetical. 

Striking an iron bar with a ham- 
mer, or rubbing it with a file, while 
held in this direction, renders it mag- 
netical. An electric shock, and light- 
ning, frequently render iron magnetic. 

James. An artificial magnet, you 
say, is often more powerful than the 
real one: can a magnet, therefore, 
communicate to steel a stronger power 
than it possesses ? 

y2 
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Tutor, Certainly not : but two of 
more magnets, joined together, may 
communicate a greater power to a 
piece of steel, than either of them 
possesses singly. 

Charles. Then you gain power 
according to the number of magnets 
made use of? 

Tutor. Yes j very powerful mag- 
nets may be formed by first con- 
structing several weak magnets, and 
then joining them together to form a 
compound one, and to acit more 
powerfully upon a piece of steeL 

The following methods are among 
the best for forming artificial mag- 
nets:— 

1. Place two magnetic bars, a and 

B, in a line, so 

that the north ^ ""^ i (^^^ ^ 

or marked end 

of one shall be opposite to the south 
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end of the other^ but at such a dis- 
tance^ that the magnet c, to be 
touched, may rest with its marked 
end on the unmarked end of B, and 
its unmarked end on the marked end 
of A. Now apply the north end of 
the magnet L, and the south end of 
D, to the middle of c, the opposite 
ends being elevated as in the figure. 
Draw L and D asunder along the bar 
€, one towards A^ the other towards 
B, preserving the same elevation : re- 
move LD a foot or more from the 
bar, when they are off the ends, then 
bring the north and south poles of 
these magnets together, and apply 
them again to the middle of the bar 
c as before : the same process is to 
be repeated five or six times, then 
turn the bar, and touch the other 
three sides in the same way, and, 

Y 3 

A 
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with care, the bar will acquire a 
strong fixed magnetism. 

2. Upon a similar principle, two 
bars, A B, c D, may be rendered mag- 
netic. These are 
supported by two 
bars of iron, and ^ 

they are se placed that the marked 
end B may be opposite to the un- 
marked end D ; then place the two 
attracting poles ^ i on the middle of 
AB, as in the figure, moving them 
slowly over it ten or fifteen times. 
The same operation is to be perform- 
ed on c D, having first changed the 
poles of the bars, and then on the 
other faces of the bars: and the 
busines9«s accomplished. 

The • touch thus communicated 
may be farther increased by rub- 
bing the differenfe faces of the bars 
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with sets of mag- 
netic bar^, disposed 
a^in this diagram. 

James. I suppose 
all the bars should 
be very smooth. 

Tutor. Yes ; they should be well 
polished, the sides and ends made 
quite flat, and the angles quite square, 
or right angles. 

There are many magnets made in 
the shape of horse-shoes ; these are 
called horse-shoe magnets ; and they 
retain their power very long> by tak- 
ing care to join a piece of iron to the 
end as soon as it is done with* 

Charles. Does that prevent its 
power from escaping ? 

Tutor. It should seem so; the 
power of a magnet is even increased 
by suffering a piece of iron to remain 
attached to one or both ^f its, poles. 
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Of course a cingle magnet should 
always be thus left. 

James. Hovr is magnetism com- 
municated to compass needles ? 

Tutor. Fasten the needle down ou 
a board, and draw magnets about six 
inches long, in each hand, from the 
centre of the needle outwards ; then 
raise the bars to a considerable dis« 
tance from the needle, and bring 
them perpendicularly down on its 
centre, and draw them over again, 
and repeat this operation about twenty 
times, and the ends of the needle will 
point to the poles contrary to those 
that touched them. 

Charles. I remember seeing a 
compass, when I was on board the 
frigate that lay oflf Worthing: the 
needle was in a box, with a glass 
over it. 

Tutor. The mariner's compass 
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consists of the box, the card or fly, 
and the needle. The box is circular, 
and is so suspended as to retain its 
horizontal position in all the motions 
of the ship. The glass is iatended to 
prevent any motion of the card by 
the wind ; the card or fly moves with 
the needle, which is very nicely ba- 
lanced on a centre. It may, how-« 
ever, be noticed, that a needle, which 
is accurately balanced before it is 
magnetised, will lose its balance by 
being magnetised, on account of wJiat 
is called the dippingy therefore a small 
weight, or moveable piece of brass, 
is placed on one side of the needle, 
by the shifting of which the needle 
will always be balanced. 

It must be observed, that, in the 
construction of such instruments, 
neither iron, steel, or other ferru- 
ginous matter, must be suffered to be 



in, or even near, the frame, because 
a very small quantity of it is suffi- 
cient to render the observations of 
no value whatever. And, indeed, it 
has been ascertained lately^ that the 
masses of iron aboard a ship have 
all a tendency to draw the needle 
from its true direction. Mr. Barlow, 
of the Royal Military Academy, has 
discovered a method of ascertaining, 
and allowing for, the magnitude of 
the deviation thus occasioned in any 
particular ship. Such a discovery 
cannot but prove highly valuable to 
mariners; and, indeed, has been 
found so by Captain Parry, Captain 
Franklin, and many other of our 
most skilful naval officers. 
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CONVERSATION IV. 



Of the Variation of the Compass. 

Charles. You said, I think, that 
the magnet pointed nearly north and 
south : how much does it differ from 
that line ? 

Tutor. It rarely points exactly- 
north and south, and the deviation 
from that line is called the variation 
of the compassy which is said to be 
east or west. 

James. Does this differ at different 
times ? 

Tutor. It does ; and the variation 
is ver, different in ' different parts of 
the world. The variation is not the 
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same now that it was half a century 
ago, nor is it the same now at Lon- 
don that it is at Bengal or Kamt- 
schatka. The needle is continually 
traversing slowly towards the east and 
west. It seems, however, now to have 
attained its western limit at London, 
and is probably going back again. 

This subject was first attended to 
by Mr. Burrows, about the year 1 580, 
and he found the variation then, at 
London, about ll"* 11' east. In the 
year 1657, the needle pointed due north 
and south : since which the variation 
has been gradually increasing towards 
the west ; and in the year 1803 it was 
equal to something more than 24* ^ 
west, and was then advancing towards 
the same quarter. 

Chm^les. That seems to have been 
at the rate of something more than 
ten minutes each year. 
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Tutor. It is : but the annual varia- 
tion is not regular. It is more one 
year than another. It is different in 
tlie several months^ and even in the 
hours of the day. Its present mean 
variation at London is about 24° 33' 
west. 

James. Tlien, if I want to set a 
globe due north and south, to point 
out the stars by, I must move it 
about, till the needle in the compass 
points to 24^ 33' west ? 

lutor. Just so : and mariners, 
knowin«: the variation at different 
places, are as well able to sail by the 
compass, as if it pointed due north. 

Chai^les. You mentioned the pro- 
perty which the needle had of Jip- 
pingj after the magnetic fluid was 
communicated to it : is that always 
the same ? 
. Tutor. No : it also variea slightly. 
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It was discovered by Robert Norman, 
a compass-maker, in the year 1576, 
and he then found it to dip nearly 
72®, and, from many observations 
made at the Royal Society, it is found 
to be now about 70'' 32'. 

James. Does it differ in different 
places ? 

Tutor. Yes : in the year 1773, ob- 
servations were made on the subject, 
in a voyage toward the north pole ; 
and from these it appears, that, 

In latitude 60° 18' the dip was 75" O' 

, . 70 45 77 52 

' . 80 12 81 52 
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The dip always being greater as the 
latitude is greater* 

I will show you an experiment on 

this subject. Here is a magnetic bar, 

and a small dipping needle : if I 

Carry the needle^ suspended freely on 
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a pivoti &dm one end of the magnetic 
bar to the other, it will, when directly 
over the south pole, settle directly 
perpendicular to it, the north end 
being next to the south pole. As 
the needle is moved the dip grows 
less and less, and when it comes to 
the magnetic centre, it will be parallel 
to the bar ; afterwards, the south end 
of the needle will dip, and when it 
comes directly over the north pole, 
it will be again perpendicular to the 
bar. 

Before we quit the subject of mag- 
netism, I will present you with a 
summary of facts and principles, which 
may be found useful in your future 
researches. 

1. Iron bars become magnetical by 
position, except when they are placed 
in the plane of the magnetic equator, 
that is, in a plane which is perpen* 

Z2 J 
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diqular to the direction of the dipping 
needle. 

2. Before a magnet can attract iron 
that is totally free from both perma- 
nent magnetism, and that of position, 
it infuses into the iron a magnetism 
of contrary polarity to that of the 
attracting pole. 

• 3. An if on bar, with permanent 
polarity, when placed any where in 
the plane of the magnetic equator, 
may be deprived of its magnetism by 
a blow. 

4. Iron heated to redness, and 
quenched in water, in a vertical posi- 
tion, becomes magnetic, the upper end 
gaining south polarity, and the lower 
end north. 

5. Hot iron receives more mag- 
netism of position, than the same 
when cold. 

6. Magnetic attraction follows the 
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same law as that of gravitation ; being 
inversely as the square of the dis- 
tance. 

7. The plane of the magnetic equa- 
tor is a plane of no attraction. 

8. Magnetic attraction does not 
depend upon the mass, but upon the 
surface; a shell of iron attracts a 
magnet equally with a ball of the 
same diameter. 

9. An electric discharge, made to 
pass through a bar of iron void of 
magnetisim, when nearly in the posi- 
tion of the magnetic axis (i. e. of the 
dipping needle)^ renders the bar mag- 
netic ; the upper end becoming a south 
poIe» and the lower a north pole : but 
the discharge does not produce any 
polarity, if the iron be placed in the 
plane of the magnetic equator. 

10. A bar of iron, possessing some 
magnetismi has its polarity diminished^ 

z3 d 
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destroyed, or inverted^ if an electric 
discharge be passed through it, when 
it is nearly in the position of the mag- 
netic axis, provided the south pole of 
the bar be downward ; while its mag- 
netism is weakened or destroyed, if it 
receive the shock when in the plane 
of the magnetic equator. 

11. Iron is rendered magnetical, if 
a stream of the electric fluid be passed 
through it, whien it is in a position 
nearly corresponding with that of the 
magnetic axis ; but no effect is pro- 
duced when the iron is in the plane 
of the magnetic equator. 

12. M. Ampere concludes, from a 
variety of exflifriments, that the phe- 
nomena of the loadstone are produced 
solely by electricity ; and that there is 
no other difference between the two 
poles of a loadstone than their position 
Vfiih regard to the currents of which 
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the loadstone consists; so that the 
south pole is that which is found to 
the right of the currents, and the 
north pole that which is found to the 
left. 

This, however, is a subject on which 
the philosophers in almost every part 
of Europe are now busily employed. 
We shall probably resume its consi- 
deration after we have conversed re- 
specting Electricity and Voltaism. 
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